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Benway School 

 Unit 1 

Content Area: Science 

Unit Title:  Evidence of Common Ancestry 

Grade Level: 8 

Unit Overview:   In this unit of study, students analyze graphical displays and gather evidence from 

multiple sources in order to develop an understanding of how fossil records and anatomical similarities of 

the relationships among organisms and species describe biological evolution. Students search for patterns in 

the evidence to support their understanding of the fossil record and how those patterns show relationships 

between modern organisms and their common ancestors. The crosscutting concepts of cause and effect, 

patterns, and structure and function are called out as organizing concepts for these disciplinary core ideas. 

Students use the practices of analyzing graphical displays and gathering, reading, and communicating 

information. Students are also expected to use these practices to demonstrate understanding of the core ideas. 

Essential Questions: 

● How do we know when an organism (fossil) was alive? 
● How do we know that birds and dinosaurs are related? 

Recommended Pacing:  15 days (September) 

Student Learning Objectives/Performance Expectations NJSLS 

Analyze and interpret data for patterns in the fossil record that document the 

existence, diversity, extinction, and change of life forms throughout the history 

of life on Earth under the assumption that natural laws operate today as in the 

past. [Clarification Statement: Emphasis is on finding patterns of changes in the 

level of complexity of anatomical structures in organisms and the chronological 

order of fossil appearance in the rock layers.] [Assessment Boundary: 

Assessment does not include the names of individual species or geological eras 

in the fossil record.] 

MS-LS4-1 

Apply scientific ideas to construct an explanation for the anatomical similarities 

and differences among modern organisms and between modern and fossil 

organisms to infer evolutionary relationships. [Clarification Statement: Emphasis 

is on explanations of the evolutionary relationships among organisms in terms of 

similarity or differences of the gross appearance of anatomical structures.] 

MS-LS4-2 

Analyze displays of pictorial data to compare patterns of similarities in the 

embryological development across multiple species to identify relationships not 

evident in the fully formed anatomy. [Clarification Statement: Emphasis is on 

inferring general patterns of relatedness among embryos of different organisms 

by comparing the macroscopic appearance of diagrams or pictures.] [Assessment 

Boundary: Assessment of comparisons is limited to gross appearance of 

anatomical structures in embryological development.] 

MS-LS4-3 

New Jersey Student Learning Standards/Disciplinary Core Ideas 

LS4.A: Evidence of Common Ancestry and Diversity 

● The collection of fossils and their placement in chronological order (e.g., through the location of the 

sedimentary layers in which they are found or through radioactive dating) is known as the fossil record. 

It documents the existence, diversity, extinction, and change of many life forms throughout the history of 

life on Earth. (MS-LS4-1) 



● Anatomical similarities and differences between various organisms living today and between them and 

organisms in the fossil record, enable the reconstruction of evolutionary history and the inference of lines 

of evolutionary descent. (MS-LS4-2) 
● Comparison of the embryological development of different species also reveals similarities that show 

relationships not evident in the fully-formed anatomy. (MS-LS4-3) 

Science and Engineering Practices Crosscutting Concepts 

Analyzing and Interpreting Data 

● Analyze displays of data to identify linear and nonlinear 

relationships. (MS-LS4-3) 
● Analyze and interpret data to determine similarities and 

differences in findings. (MS-LS4-1) 
Constructing Explanations and Designing Solutions 

● Apply scientific ideas to construct an explanation for 

realworld phenomena, examples, or events. (MS-LS4-2) 
Scientific Knowledge is Based on Empirical Evidence 

● Science knowledge is based upon logical and conceptual 

connections between evidence and explanations. (MS-LS4- 

1) 

Patterns 

● Patterns can be used to identify cause 

and effect relationships. (MS-LS4-2) 
● Graphs, charts, and images can be 

used to identify patterns in data. (MS-

LS4-1),(MS-LS4- 3) 
Scientific Knowledge Assumes an 

Order and Consistency in Natural 

Systems 

● Science assumes that objects and 

events in natural systems occur in 

consistent patterns that are 

understandable through measurement 

and observation. (MS-LS4-1, MS-

LS4-2) 

Interdisciplinary Connections 

English Language Arts/Literacy 

● Cite specific textual evidence to support the analysis of patterns found in the fossil record to document 

the existence, diversity, extinction, and change of life forms throughout the history of life on Earth.  

● Use scientific, precise details in the explanations.  

● Integrate quantitative or technical information about the fossil record that is expressed in words into a 

version of that information expressed visually in the form of a flowchart, diagram, model, graph, or 

table.  

● Attending to the precise details of explanations or descriptions, cite specific textual evidence to support 

analysis of science texts’ information on the relationships between the anatomical similarities and 

differences among modern organisms and between modern and fossil organisms and their fossil 

relationships. 

● Write informative/explanatory text examining anatomical similarities and differences among modern 

organisms and between modern and fossil organisms and their fossil relationships. The text should 

convey ideas, concepts, and information through the selection, organization, and analysis of relevant 

content.  

● Draw evidence from informational texts to support an analysis of, reflection on, and research about 

anatomical similarities and differences among modern organisms and between modern and fossil 

organisms used to infer evolutionary relationships.  

● Engage in a range of collaborative discussions about the anatomical similarities and differences among 

modern organisms and between modern and fossil organisms used to infer evolutionary relationships. 



Discussions must provide opportunities for students to clearly express their own ideas and exchange 

ideas with others. The discussions may be one on one, in groups, or led by the teacher.  

● Present claims and findings to explain the anatomical similarities and differences among modern 

organisms and between modern and fossil organisms to infer evolutionary relationships. Emphasize the 

important points in a focused, coherent manner with relevant evidence, valid reasoning, and well-chosen 

details. During the presentation, students must use appropriate eye contact, adequate volume, and clear 

pronunciation.  

● Cite specific textual evidence to support the analysis of pictorial data comparing patterns of similarities 

in embryological development across multiple species to identify relationships not evident in the fully 

formed anatomy. Attention must be paid to the precise details of explanation or descriptions.  

● Integrate quantitative or technical information about general patterns of relatedness among embryos of 

different organisms expressed in words in a text with a version expressed in a flowchart, diagram, model, 

graph, or table.  

● Compare and contrast the information gained from experiments, simulations, video, or multimedia 

sources with the information gained from reading a text about embryological development across 

multiple species in order to identify relationships not evident in the fully formed anatomy. 

Mathematics 

● Use variables to represent numbers and write expressions to represent patterns of changes in the level of 

complexity of anatomical structures in organisms and the chronological order of fossil appearances in the 

rock record to document the existence, diversity, extinction, and change of life forms throughout the 

history of life on Earth, under the assumption that natural laws operate today as in the past. Understand 

that a variable can represent an unknown number or, depending on the purpose at hand, any number in a 

specified set. 

● Use variables to represent numbers and write expressions showing patterns that can be used to identify 

cause-and-effect relationships among the anatomical similarities and differences among modern 

organisms and between modern and fossil organisms. This representation will be used to infer 

evolutionary relationships. Understand that a variable can represent an unknown number or, depending 

on the purpose at hand, any number in a specified set. 

English Language Arts Mathematics 

● Cite specific textual evidence to support analysis of science 

and technical texts, attending to the precise details of 

explanations or descriptions. (MS-LS4-1),(MS-LS4-2),(MS-

LS4-3) RST.6-8.1 

● Integrate quantitative or technical information expressed in 

words in a text with a version of that information expressed 

visually (e.g., in a flowchart, diagram, model, graph, or 

table). (MS-LS4-1),(MS-LS4-3) RST.6-8.7 
● Compare and contrast the information gained from 

experiments, simulations, video, or multimedia sources with 

that gained from reading a text on the same topic. (MS-LS4-

3) RST.6-8.9 

● Expressions and Equations (MS-

ETS1-3) 8.EE 
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● Write informative/explanatory texts to examine a topic and 

convey ideas, concepts, and information through the 

selection, organization, and analysis of relevant 

content. (MS-LS4-2) WHST.6-8.2 

● Draw evidence from informational texts to support analysis, 

reflection, and research. (MS-LS4-2) WHST.6-8.9 
● Engage effectively in a range of collaborative discussions 

(one-on-one, in groups, teacher-led) with diverse partners on 

grade 6 topics, texts, and issues, building on others’ ideas 

and expressing their own clearly. (MS-LS4-2) SL.8.1 

● Present claims and findings, emphasizing salient points in a 

focused, coherent manner with relevant evidence, sound 

valid reasoning, and well-chosen details; use appropriate eye 

contact, adequate volume, and clear pronunciation. (MS-

LS4-2) SL.8.4 

New Jersey Student Learning Standards 

Technology 
(Additional standards should be applied, as needed, to enrich instruction and foster student 

achievement.) 

Indicator 

Evaluate the history and impact of sustainability on the development of a designed 

product or system over time and present results to peers. 

8.2.8.B.1 

Identify the desired and undesired consequences from the use of a product or system. 8.2.8.B.2 

Research and analyze the ethical issues of a product or system on the environment and 

report findings for review by peers and /or experts. 

8.2.8.B.3 

Identify new technologies resulting from the demands, values, and interests of 

individuals, businesses, industries and societies. 

8.2.8.B.5 

Explain the impact of resource selection and the production process in the 

development of a common or technological product or system. 

8.2.8.D.5 

Identify and explain how the resources and processes used in the production of a 

current technological product can be modified to have a more positive impact on the 

environment. 

8.2.8.D.6 

New Jersey Student Learning Standards 

21st Century Life and Career Skills 
(Additional standards should be applied, as needed, to enrich instruction and foster student 

achievement.) 

Indicator 

Relate how career choices, education choices, skills, entrepreneurship, and economic 

conditions affect income. 

9.1.8.A.2 

Differentiate among ways that workers can improve earning power through the 

acquisition of new knowledge and skills. 

9.1.8.A.3 

Compare and contrast product facts versus advertising claims. 9.1.8.E.3 

Prioritize personal wants and needs when making purchases 9.1.8.E.4 

Compare the value of goods or services from different sellers when purchasing large 

quantities and small quantities. 

9.1.8.E.6 

Explain why it is important to develop plans for protecting current and future personal 

assets against loss. 

9.1.8.G.1 
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Evaluate communication, collaboration, and leadership skills that can be developed 

through school, home, work, and extracurricular activities for use in a career. 

9.2.8.B.3 

Career Ready Practices Indicator 

Apply appropriate academic and technical skills. CRP2 

Communicate clearly and effectively and with reason. CRP4 

Consider the environmental, social and economic impacts of decisions. CRP5 

Demonstrate creativity and innovation. CRP6 

Employ valid and reliable research strategies. CRP7 

Utilize critical thinking to make sense of problems and persevere in solving them. CRP8 

Use technology to enhance productivity. CRP11 

Work productively in teams while using cultural global competence. CRP12 

Key Vocabulary Words 

Biological Evolution, fossil records, existence, diversity, unity, anatomical Structures, chronological order, 

rock layers, anatomical, evolutionary, gross appearance, anatomy, embryological development, macroscopic, 

sediment, amber, radiometric dating, relative dating, chronometric, cladograms, homologous structure, 

morphology, DNA, trait, cladistics, embryos, embryological development, nonlinear relationships, extinction 

Evidence of Learning 

Additional Suggested Assessments: 

● Classroom discussion 
● Inquiry-based investigations and projects 
● Participation in general classroom assignments 
● Performance tasks 
● Scientific reading, writing, and mathematics analysis 
● Teacher observations 
● Tests/quizzes 

 

Part A: How do we know when an organism (fossil) was alive? 

● Use graphs, charts, and images to identify patterns within the fossil record. 
● Analyze and interpret data within the fossil record to determine similarities and differences in findings. 
● Make logical and conceptual connections between evidence in the fossil record and explanations about 

the existence, diversity, extinction, and change in many life forms throughout the history of life on Earth. 
 

Part B: How do we know that birds and dinosaurs are related? 

● Apply scientific ideas to construct explanations for evolutionary relationships. 
● Apply the patterns in gross anatomical structures among modern organisms and between modern 

organisms and fossil organisms to construct explanations of evolutionary relationships. 
● Apply scientific ideas about evolutionary history to construct an explanation for evolutionary 

relationships evidenced by similarities or differences in the gross appearance of anatomical structures. 
 

Part C: Other than bones and structures being similar, what other evidence is there that birds and 

dinosaurs are related? 

● Use diagrams or pictures to identify patterns in embryological development across multiple species. 
● Analyze displays of pictorial data to identify where the embryological development is related linearly 

and where that linear nature ends. 
● Infer general patterns of relatedness among embryos of different organisms by comparing the 

macroscopic appearance of diagrams or pictures. 



Misconceptions:  Some research suggests that students' understanding of evolution is related to their 

understanding of the nature of science and their general reasoning abilities. Findings indicate that students 

who cannot argue with evidence tend to retain nonscientific beliefs such as "evolutionary change occurs as 

a result of need" because they fail to examine alternative hypotheses and their predicted consequences, and 

they fail to comprehend conflicting evidence. Thus, they are left with no alternative but to believe their initial 

intuitions or the misstatements they hear (NSDL, 2015). 

 

Learning Activities: 

MS-LS4-1. Analyze data for patterns in the fossil record that documents the existence, diversity, extinction, 

and change of life forms throughout the history of life on Earth under the assumption that natural laws 

operate today as in the past. 

  

Engage (Anticipatory Set):  

● What Are Fossils 
http://www.ck12.org/biology/Fossils/lecture/user:13IntC/What-are-

fossils/?referrer=concept_details&conceptLevel=&conceptSource=all 

o Show several different fossils or pictures of fossils (diverse types of fossils and fossils from 

different time periods) and ask students what characteristics the fossils have and how they 

compare to organisms that still exist today – identify names of present day organisms similar 

to the fossilized organisms 
▪ How is the present day organism SIMILAR to the extinct species? WHY are the two 

species similar? 
▪ How is the present day organism DIFFERENT than the extinct species? WHY are the 

two species different? 
o http://www.fossilmuseum.net/ 

http://www.bbc.co.uk/nature/fossils 

 

  

Exploration (Student Inquiry):  

● Fossil Evidence for Evolution 
http://www.pbslearningmedia.org/resource/tdc02.sci.life.evo.lp_fossilevid/the-fossil-evidence-for-

evolution/ 

In this lesson, students will learn how scientists find evidence of evolution and piece together the 

history of life. Students will learn about the fossil record, the primary form of evidence, as well as the 

fossil formation process and the evolution of animals. 

  

Explanation (Concepts and Practices):  In these lessons, teachers should introduce formal labels, 

definitions, and explanations for concepts, practices, skills, or abilities.  Students should verbalize 

conceptual understandings and demonstration scientific and engineering practices. 

Topics to be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas 

● LS4.A Evidence of Common Ancestry and Diversity 
The collection of fossils and their placement in chronological order (e.g., through the location of the 

sedimentary layers in which they are found or through radioactive dating) is known as the fossil 

record. It documents the existence, diversity, extinction, and change of many life forms throughout 

the history of life on Earth. 
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http://www.ck12.org/biology/Fossils/lecture/user:13IntC/What-are-fossils/?referrer=concept_details&conceptLevel=&conceptSource=all
http://www.ck12.org/biology/Fossils/lecture/user:13IntC/What-are-fossils/?referrer=concept_details&conceptLevel=&conceptSource=all
http://www.fossilmuseum.net/
http://www.bbc.co.uk/nature/fossils
http://www.pbslearningmedia.org/resource/tdc02.sci.life.evo.lp_fossilevid/the-fossil-evidence-for-evolution/
http://www.pbslearningmedia.org/resource/tdc02.sci.life.evo.lp_fossilevid/the-fossil-evidence-for-evolution/
http://www.nap.edu/openbook.php?record_id=13165&page=162
http://www.nap.edu/openbook.php?record_id=13165&page=162
http://www.nap.edu/openbook.php?record_id=13165&page=162
http://www.nap.edu/openbook.php?record_id=13165&page=162


Elaboration (Extension Activity):   

● Related Activities 
Better Lessons: MS-LS4-1 

  

Evaluation (Assessment Tasks):   

● Assessment Task A: Whale Evolution Timeline (Part 3 Step 10 of lesson plan from PBS learning 

website) 
Ask each team of two to prepare an Eocene epoch timeline on paper, using the same scale as the 

classroom model (one inch equals one million years). Their timelines should be twenty-one inches 

long, with each million years labeled. 

Whales in the Making 

Using the images provided on the Whales in the Making worksheet, students will create timeline 

which represents the evolution of whales. 

● Assessment Task B: Discussion Questions 
o After creating the timeline, students should use the following discussion questions to interpret 

and analyze the data collected. 
▪ What typical whale like traits were apparently the earliest to appear? What apparently 

evolved much later? 
▪ As each "missing link" was found, how many new gaps were formed? What is the 

relationship between gaps and fossils? 
▪ To find fossil evidence to fill the largest remaining gap in whale evolution, what age 

sediments would you search? 

▪ What distinguishing traits would you expect to find in whale fossils of that age? 
▪ Explain why the absence of transitional fossils does not mean that evolution didn't 

take place. 

 

MS-LS4-2. Apply scientific ideas to construct an explanation for the anatomical similarities and differences 

among modern organisms and between modern and fossil organisms to infer evolutionary relationships. 

  

Engage (Anticipatory Set):  

● Students will compare images of an elephant shrew, an elephant, and a shrew to predict which two 

are most closely related based on observable anatomical characteristics. 
https://www.sciencenews.org/article/elephant-shrews-are-oddly-related-actual-elephants 

  

Exploration (Student Inquiry):  

● Cladistics 
Students will infer evolutionary relationships using a cladogram. 

http://betterlesson.com/lesson/638611/cladistics 

● Evolution - Homologous Structures & Embryology 
Students will be able to identify similarities in morphology and early embryo development as 

evidence for evolution 

http://betterlesson.com/lesson/638268/evolution-homologous-structures-embryology 

  

http://betterlesson.com/next_gen_science/browse/2234/ngss-ms-ls4-1-analyze-and-interpret-data-for-patterns-in-the-fossil-record-that-document-the-existence-diversity-extinction-and
http://d43fweuh3sg51.cloudfront.net/media/assets/wgbh/tdc02/tdc02_doc_whalesmaking/tdc02_doc_whalesmaking.pdf
https://www.sciencenews.org/article/elephant-shrews-are-oddly-related-actual-elephants
http://betterlesson.com/lesson/638611/cladistics
http://betterlesson.com/lesson/638268/evolution-homologous-structures-embryology


Explanation (Concepts and Practices):  In these lessons, teachers should introduce formal labels, 

definitions, and explanations for concepts, practices, skills, or abilities.  Students should verbalize 

conceptual understandings and demonstration scientific and engineering practices. 

Topics to be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas 

● LS4.A: Evidence of Common Ancestry and Diversity 
Anatomical similarities and differences between various organisms living today and between them 

and organisms in the fossil record, enable the reconstruction of evolutionary history and the inference 

of lines of evolutionary descent. 

  

Elaboration (Extension Activity):   

● Additional Cladogram Activities 
http://www.isd622.org/cms/lib07/MN01001375/Centricity/Domain/718/Learning_Target_4.6_Cladograms.pdf 

http://www.biologycorner.com/worksheets/cladogram.html#.VXBu00a8qSo 

http://chapin.episd.org/common/pages/DisplayFile.aspx?itemId=3070611 

  

Evaluation (Assessment Tasks):   

● Assessment Task A: Evaluate the accuracy of the completed Cladogram that student built in the 

Cladistics activity. 

● Assessment Task B: Closing Explanation 
At the end of the lesson, pose the following question to students: 

In your opinion, what is the most compelling evidence for evolution. Why? Encourage students to 

use the ACE strategy to answer. See link below. 

ACE Strategy  

 

MS-LS4-3. Analyze displays of pictorial data to compare patterns of similarities in the embryological 

development across multiple species to identify relationships not evident in the fully formed anatomy. 

  

Engage (Anticipatory Set):  

● Guess the Embryo Interactive 
http://www.pbs.org/wgbh/nova/evolution/guess-embryo.html  

  

Exploration (Student Inquiry):  

● Embyro Comparison Activity 
Which of the identified characteristics are still present in the fully formed anatomy of each species? 

● Exploration Questions 
What does the presence or absence of embryological characteristics in the fully formed anatomy 

suggest about relationships among these species? 

● Embryonic Development- Evidence for Evolution 
In this activity, students will analyze displays of pictorial data to compare patterns of similarities in 

the embryological development across multiple species to identify relationships not evident in the 

fully formed anatomy. 

http://betterlesson.com/lesson/637398/embryonic-development-evidence-for-evolution 
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Explanation (Concepts and Practices):  In these lessons, teachers should introduce formal labels, 

definitions, and explanations for concepts, practices, skills, or abilities.  Students should verbalize 

conceptual understandings and demonstration scientific and engineering practices. 

Topics to be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas 

● LS4.A: Evidence of Common Ancestry and Diversity 
Comparison of the embryological development of different species also reveals similarities that show 

relationships not evident in the fully-formed anatomy. 

  

Elaboration (Extension Activity):   

● Related Activities 
http://www.ck12.org/search/?q=MS-LS4-3&referrer=top_nav&autoComplete=false 

  

Evaluation (Assessment Tasks):   

● Assessment Task A: Embryonic Development Exit Slip 
Students complete an Exit Slip, where they are required to write a scientific explanation on how 

embryo development across species is evidence for evolution. 

 

Additional Lesson Ideas: 

● NOVA: Judgement Day: Intelligent Design on Trial: Human Chromosome 2: 
● The Day the Mesozoic Died 

Instructional Materials: 

● Smartboard 
● Laptop cart 

Teacher Resources: 

Prior to middle school, students know that some living organisms resemble organisms that once lived on 

Earth. Fossils provide evidence about the types of organisms and environments that existed long ago. In this 

unit of study, students will build on this knowledge by examining how the fossil record documents the 

existence, diversity, extinction, and change of many life forms through Earth’s history. The fossil record and 

comparisons of anatomical similarities between organisms and their embryos enable the inference of lines of 

evolutionary descent. 

Students analyze images or data to identify patterns in the locations of fossils in layers of sedimentary rock. 

They can use their understanding of these patterns to place fossils in chronological order. Students may 

make connections between their studies of plate movement in grade 7 and the possible shifting of layers of 

sedimentary rock to explain inconsistencies in the relative chronological order of the fossil record as it is 

seen today. 

Students can analyze data on the chronology of the fossil record based on radioactive dating. An explanation 

of radioactive dating can be provided to students along with data, but students are not expected to complete 

any calculations. Information can be provided in the form of data tables correlating fossil age with half-life. 

This information could also be presented in the form of a graph. 

Students may analyze images from the fossil record to identify patterns of change in the complexity of the 

anatomical structures in organisms. For example, students can observe pictures of fossilized organisms with 

similar evolutionary histories in order to compare and contrast changes in their anatomical structures over 

time. Students may be placed in groups, with each group examining changes in anatomical structures over 

http://www.nap.edu/openbook.php?record_id=13165&page=162
http://www.nap.edu/openbook.php?record_id=13165&page=162
http://www.ck12.org/search/?q=MS-LS4-3&referrer=top_nav&autoComplete=false
http://betterlesson.com/lesson/resource/3200883/exit-slip
http://betterlesson.com/lesson/resource/3200883/exit-slip
http://www.pbslearningmedia.org/resource/evol07.sci.life.evo.genconnect/human-chromosome-2/
http://ngss.nsta.org/Resource.aspx?ResourceID=56


time within one evolutionary lineage (e.g., the whale, the horse, cycads). Once students have identified 

patterns of change within one evolutionary lineage, they can meet with students from other groups to discuss 

patterns of change across multiple evolutionary lineages. Students could then present their findings using a 

variety of media choices (PowerPoint, poster, short skit or play, comic strip, etc.). This activity would 

provide application of the real-world phenomenon that life on Earth changes over time. 

Students could be provided with multimedia experiences in order to analyze visual displays of the 

embryological development of different species. They can analyze the linear and nonlinear relationships 

among the embryological developments of different species. For example, students can analyze data about 

embryological development to determine whether development across species shares a similar rate, similar 

size of embryos, or similar characteristics over a period of time. If these characteristics are consistent across 

species, a linear relationship can be inferred. At the point where the rate, size, or general characteristics of 

development diverge, the relationship can then be classified as nonlinear. 

 

Students can integrate the patterns they identified in the fossil record by studying sedimentary rock images 

and radioactive dating data provided by the teacher and the relationships they discovered through their study 

of embryological development with evidence from informational texts to develop an explanation of changes 

in life forms throughout the history of life on Earth. This explanation could be presented in the form of a 

claim, with students required to cite evidence from their studies of diagrams, images, and texts to explain 

that life on Earth has changed over time. 

 

● Classroom Libraries 
● BrainPOP.com 
● Mysteryscience.com 
● Bozeman Science:  

o LS4A: Evidence of Common Ancestry & Diversity 
● Lesson Exemplars  

● NSTA Classroom Resources 
● NASA resources: https://www.jpl.nasa.gov/edu/teach/ 
● Novel-based engineering tasks: http://www.novelengineering.org/library/ 
● Learning Activities: https://njctl.org/courses/science/ 
● STEM Teaching Tools: http://stemteachingtools.org/tools   
● NASA Units and Lessons: 

https://www.nasa.gov/offices/education/programs/national/summer/education_resources/lifescience_grades4-

6/index.html 

● Lesson Ideas: http://www.middleschoolchemistry.com/lessonplans/  

Modifications & Accommodations: 

*Please note that the following modifications and accommodations vary from unit to unit, and may be 

implemented for any student who would benefit 

Gifted and Talented 
(content, process, product, and learning environment) 

Extension Activities: 

● Conduct research and provide presentation of cultural topics  
● Design surveys to generate and analyze data to be used in 

discussion. 

Debate topics of interest/cultural importance. 

English Language Learners 

Modifications: 

● Modified assignments 
● Native language translation (peer, 

online assistive technology, 

translation device, bilingual 

dictionary) 

http://www.bozemanscience.com/ngs-ls4a-evidence-of-common-ancestry-diversity
https://www.nextgenscience.org/resources/examples-quality-ngss-design
http://ngss.nsta.org/Classroom-Resources.aspx
https://www.jpl.nasa.gov/edu/teach/
http://www.novelengineering.org/library/
https://njctl.org/courses/science/
http://stemteachingtools.org/tools
https://www.nasa.gov/offices/education/programs/national/summer/education_resources/lifescience_grades4-6/index.html
https://www.nasa.gov/offices/education/programs/national/summer/education_resources/lifescience_grades4-6/index.html
http://www.middleschoolchemistry.com/lessonplans/


● Authentic listening and reading sources that provide data 

and support for speaking and writing prompts 
● Exploration of art and/or artists to understand society and 

history 

● Implement RAFT (role, audience, format, topic) activities as 

they pertain to the types/modes of communication 
● Anchor activities 
● Use of higher-level questioning techniques 
● Provide assessments at a higher-level  of thinking 

● Extended time for assignment 

completion as needed 
● Highlight key vocabulary 
● Use graphic organizers 

Students with Disabilities 
(appropriate accommodations, instructional adaptation, and/or 

modifications as determined by the IEP or 504 team) 

Modifications for Classroom: 

● Pair visual prompts with verbal presentations 
● Ask students to restate information, directions, and 

assignments 
● Repetition and practice 
● Model skills/techniques to be mastered 
● Extended time to complete class work 
● Provide copy of class notes 
● Preferential seating to be mutually determined by the student 

and teacher 

● Student may request to use a computer to complete 

assignments 
● Establish expectations for correct spelling on assignments 
● Extra textbooks for home 
● Student may request books on tape/CD/digital media, as 

available and appropriate 
● Assign a peer helper in the class setting 
● Provide oral reminders and check student work during 

independent work time 
● Assist student with long and short term planning of 

assignments 
● Encourage student to proofread assignments and tests 
● Provide regular parent/school communication 
● Teachers will check/sign student agenda daily 
● Student requires use of other assistive technology device 
 

Homework and Assignments: 

● Extended time to complete assignments 
● Student requires more complex assignments to be broken up 

and explained in smaller units, with work to be submitted in 

phases. 
● Provide the student with clearly stated (written) expectations 

and grading criteria for assignments. 

Students at Risk of School Failure 

Modifications for Classroom: 

● Pair visual prompts with verbal 

presentations 
● Ask students to restate information, 

directions, and assignments 
● Repetition and practice 
● Model skills/techniques to be 

mastered 
● Extended time to complete class work 

● Provide a copy of class notes 
● Preferential seating to be mutually 

determined by the student and teacher 
● Student may request to use a 

computer to complete assignments 
● Establish expectations for correct 

spelling on assignments 
● Extra textbooks for home 

● Student may request books on 

tape/CD/digital media, as available 

and appropriate 
● Assign a peer helper in the class 

setting 
● Provide oral reminders and check 

student work during independent 

work time 
● Assist student with long and short 

term planning of assignments 
● Encourage student to proofread 

assignments and tests 
● Provide regular parent/school 

communication 

● Teachers will check/sign student 

agenda daily 
● Student requires use of other assistive 

technology device 
 



● Implement RAFT (role, audience, format, topic) activities as 

they pertain to the types/modes of communication 
● Continue to develop phrasing and fluency while reading 

aloud, as needed 

● Encourage silent reading for short periods of time  

● Use close reading strategies 

● Continue to provide access to various genres  

● Make available high interest, low readability texts for use 

during independent reading  

● Use citing the text strategy to develop oral and written 

summarization skills 

● Continue using marking the text strategy 

● Write short essays using various supporting strategies such 

as marking the text, graphic organizers, citing text, and 

teacher-prompts 

● Write routinely and engage in peer editing with teacher 

guidance 

 

Modifications for Assessments: 

● Extended time on classroom tests and quizzes 
● Student may take/complete tests in an alternate setting as 

needed 
● Restate, reread, and clarify directions/questions 
● Distribute study guide for classroom tests 
● Establish procedures for accommodations/modifications for 

assessments 

Modifications for Homework and 

Assignments: 

● Extended time to complete 

assignments 

● Student requires more complex 

assignments to be broken up and 

explained in smaller units, with work 

to be submitted in phases. 
● Provide the student with clearly stated 

(written) expectations and grading 

criteria for assignments. 
● Implement RAFT (role, audience, 

format, topic) activities as they 

pertain to the types/modes of 

communication 
 

Modifications for Assessments: 

● Extended time on classroom tests and 

quizzes 
● Student may take/complete tests in an 

alternate setting as needed 
● Restate, reread, and clarify 

directions/questions 
● Distribute study guide for classroom 

tests 
● Establish procedures for 

accommodations/modifications for 

assessments 
 

 
 

 

 

 

 

 

 

  



 

Benway School 

 Unit 2 

Content Area: Science 

Unit Title:  Selection and Adaptation 

Grade Level: 8 

Unit Overview: Students construct explanations based on evidence to support fundamental understandings of 

natural selection and evolution. They will use ideas of genetic variation in a population to make sense of how 

organisms survive and reproduce, thus passing on the traits of the species. The crosscutting concepts 

of patterns and structure and function are called out as organizing concepts that students use to describe 

biological evolution.  Students use the practices of constructing explanations, obtaining, evaluating, and 

communicating information, and using mathematical and computational thinking. Students are also expected 

to use these practices to demonstrate understanding of the core ideas. 

Essential Question:  Are Genetically Modified Organisms (GMO) safe to eat? 

Recommended Pacing:  20 days (October) 

Student Learning Objectives/Performance Expectations NJSLS 

Construct an explanation based on evidence that describes how genetic 

variations of traits in a population increase some individuals’ probability of 

surviving and reproducing in a specific environment. [Clarification Statement: 

Emphasis is on using simple probability statements and proportional reasoning to 

construct explanations.] 

MS-LS4-4 

Gather and synthesize information about the technologies that have changed the 

way humans influence the inheritance of desired traits in organisms. 

[Clarification Statement: Emphasis is on synthesizing information from reliable 

sources about the influence of humans on genetic outcomes in artificial selection 

(such as genetic modification, animal husbandry, gene therapy); and, on the 

impacts these technologies have on society as well as the technologies leading to 

these scientific discoveries.] 

MS-LS4-5 

Use mathematical representations to support explanations of how natural 

selection may lead to increases and decreases of specific traits in populations 

over time. [Clarification Statement: Emphasis is on using mathematical models, 

probability statements, and proportional reasoning to support explanations of 

trends in changes to populations over time.] [Assessment Boundary: Assessment 

does not include Hardy Weinberg calculations.] 

MS-LS4-6 

New Jersey Student Learning Standards/Disciplinary Core Ideas 

LS4.B: Natural Selection 

● Natural selection leads to the predominance of certain traits in a population, and the suppression of others. 

(MS-LS4-4) 
● In artificial selection, humans have the capacity to influence certain characteristics of organisms by 

selective breeding. One can choose desired parental traits determined by genes, which are then passed on 

to offspring. (MS-LS4-5) 

LS4.C: Adaptation 

● Adaptation by natural selection acting over generations is one important process by which species change 

over time in response to changes in environmental conditions. Traits that support successful survival and 



reproduction in the new environment become more common; those that do not become less common. 

Thus, the distribution of traits in a population changes. (MS-LS4-6) 

Science and Engineering Practices Crosscutting Concepts 

Constructing Explanations and Designing Solutions 

● Construct an explanation that includes qualitative or 

quantitative relationships between variables that describe 

phenomena. (MS-LS4-4) 
Obtaining, Evaluating, and Communicating Information 

● Gather, read, and synthesize information from multiple 

appropriate sources and assess the credibility, accuracy, and 

possible bias of each publication and methods used, and 

describe how they are supported or not supported by 

evidence. (MS-LS4-5) 
Using Mathematics and Computational Thinking 

● Use mathematical representations to support scientific 

conclusions and design solutions. (MS-LS4-6) 

Cause and Effect 

● Phenomena may have more than one 

cause, and some cause and effect 

relationships in systems can only be 

described using probability. (MS-LS4-

4),(MS-LS4-5),(MS-LS4-6) 
Interdependence of Science, 

Engineering, and Technology 

● Engineering advances have led to 

important discoveries in virtually every 

field of science, and scientific 

discoveries have led to the development 

of entire industries and engineered 

systems. (MS-LS4-5) 
Science Addresses Questions About the 

Natural and Material World 

● Scientific knowledge can describe the 

consequences of actions but does not 

necessarily prescribe the decisions that 

society takes. (MS-LS4-5) 

Interdisciplinary Connections 

English Language Arts/Literacy 

Cite specific textual evidence to support analysis of scientific and technical texts about how genetic variations 

in a population increase some individuals’ probability of surviving and reproducing in a specific environment. 

Attention must be paid to precise details of explanations or descriptions. Compare and contrast the 

information gained from experiments, simulations, video, or multimedia sources with information gained 

from reading a text on how genetic variations of traits in a population increase some individuals’ probability 

of surviving and reproducing in a specific environment. 

Write informative/explanatory texts examining how natural selection leads to the predominance of some traits 

in a population and the suppression of others. Convey ideas, concepts, and information through the selection, 

organization, and analysis of relevant content. 

Draw evidence from informational texts to support the analysis, reflection, and research used to construct an 

explanation of how genetic variation of traits in a population increase some individuals’ probability of 

surviving and reproducing in a specific environment. 

Engage effectively in a range of collaborative discussions with diverse partners to discuss how natural 

selection leads to the predominance of certain traits in a population and the suppression of others. Discussions 

may be one-on-one, in groups, or teacher-led; in these discussions, students should build on others’ ideas 

while expressing their own clearly. 

Present claims and findings about how natural selection leads to the predominance of certain traits in a 

population and the suppression of others. Claims must emphasize salient points in a focused, coherent manner 



with relevant evidence, sound valid reasoning, and well-chosen details. Students must use appropriate eye 

contact, adequate volume, and clear pronunciation. 

Cite specific textual evidence to support analysis of information about the technologies that have changed the 

way humans influence the inheritance of desired traits in organisms (artificial selection). 

Gather relevant information from multiple print and digital sources; assess the credibility of each source; and 

quote or paraphrase the data and conclusions of others about technologies that have changed the way humans 

influence the inheritance of desired traits. Avoid plagiarism and provide basic bibliographic information for 

sources. 

Mathematics 

Understand the concept of a ratio and use ratio language to describe a ratio relationship between specific 

genetic variations in a population and the probability of some individuals in that populations surviving and 

reproducing in a specific environment. 

Summarize numerical data sets about a ratio relationship between genetic variations in a population and the 

probability of some individuals in that population surviving and reproducing in a specific environment. 

Recognize and represent proportional relationships in trends in changes to populations over time. 

Use mathematical models to support explanations of trends in changes to populations over time. 

Understand the concept of a ratio and use ratio language to describe a ratio relationship between natural 

selection and decreases of specific traits in populations over time. 

Summarize numerical data sets to support explanations of how natural selection may lead to increases and 

decreases of specific traits in populations over time. 

English Language Arts Mathematics 

● Cite specific textual evidence to support analysis of science 

and technical texts, attending to the precise details of 

explanations or descriptions. (MS-LS4-4),(MS-LS4-5) 

RST.6-8.1 
● Compare and contrast the information gained from 

experiments, simulations, videos, or multimedia sources 

with that gained from reading a text on the same 

topic. (MS-LS4-4) RST.6-8.9 
● Write informative/explanatory texts to examine a topic and 

convey ideas, concepts, and information through the 

selection, organization, and analysis of relevant 

content. (MS-LS4-4) WHST.6-8.2 
● Gather relevant information from multiple print and digital 

sources, using search terms effectively; assess the 

credibility and accuracy of each source; and quote or 

paraphrase the data and conclusions of others while 

avoiding plagiarism and following a standard format for 

citation. (MS-LS4-5) WHST.6-8.8 
● Draw evidence from informational texts to support analysis, 

reflection, and research. (MS-LS4-4) WHST.6-8.9 

● Model with mathematics. (MS-LS4-6) 

MP.4 

 

http://www.corestandards.org/ELA-Literacy/RST/6-8
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http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
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● Engage effectively in a range of collaborative discussions 

(one-on-one, in groups, teacher-led) with diverse partners 

on grade 6 topics, texts, and issues, building on others’ 

ideas and expressing their own clearly. (MS-LS4-4) SL.8.1 

● Present claims and findings, emphasizing salient points in a 

focused, coherent manner with relevant evidence, sound 

valid reasoning, and well-chosen details; use appropriate 

eye contact, adequate volume, and clear 

pronunciation. (MS-LS4-4) SL.8.4 

New Jersey Student Learning Standards 

Technology 
(Additional standards should be applied, as needed, to enrich instruction and foster student 

achievement.) 

Indicator 

Evaluate the history and impact of sustainability on the development of a designed 

product or system over time and present results to peers. 

8.2.8.B.1 

Identify the desired and undesired consequences from the use of a product or system. 8.2.8.B.2 

Research and analyze the ethical issues of a product or system on the environment and 

report findings for review by peers and /or experts. 

8.2.8.B.3 

Identify new technologies resulting from the demands, values, and interests of 

individuals, businesses, industries and societies. 

8.2.8.B.5 

Explain the impact of resource selection and the production process in the 

development of a common or technological product or system. 

8.2.8.D.5 

Identify and explain how the resources and processes used in the production of a 

current technological product can be modified to have a more positive impact on the 

environment. 

8.2.8.D.6 

New Jersey Student Learning Standards 

21st Century Life and Career Skills 
(Additional standards should be applied, as needed, to enrich instruction and foster student 

achievement.) 

Indicator 

Relate how career choices, education choices, skills, entrepreneurship, and economic 

conditions affect income. 

9.1.8.A.2 

Differentiate among ways that workers can improve earning power through the 

acquisition of new knowledge and skills. 

9.1.8.A.3 

Compare and contrast product facts versus advertising claims. 9.1.8.E.3 

Prioritize personal wants and needs when making purchases 9.1.8.E.4 

Compare the value of goods or services from different sellers when purchasing large 

quantities and small quantities. 

9.1.8.E.6 

Explain why it is important to develop plans for protecting current and future personal 

assets against loss. 

9.1.8.G.1 

Evaluate communication, collaboration, and leadership skills that can be developed 

through school, home, work, and extracurricular activities for use in a career. 

9.2.8.B.3 

Career Ready Practices Indicator 

Apply appropriate academic and technical skills. CRP2 

Communicate clearly and effectively and with reason. CRP4 

Consider the environmental, social and economic impacts of decisions. CRP5 

Demonstrate creativity and innovation. CRP6 

http://www.corestandards.org/ELA-Literacy/SL/8
http://www.corestandards.org/ELA-Literacy/SL/8
http://www.corestandards.org/ELA-Literacy/SL/8
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http://www.corestandards.org/ELA-Literacy/SL/8
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http://www.corestandards.org/ELA-Literacy/SL/8
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http://www.corestandards.org/ELA-Literacy/SL/8
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Employ valid and reliable research strategies. CRP7 

Utilize critical thinking to make sense of problems and persevere in solving them. CRP8 

Use technology to enhance productivity. CRP11 

Work productively in teams while using cultural global competence. CRP12 

Key Vocabulary Words 

Natural selection, genetics, traits, probability, proportional reasoning, inheritance, artificial selection, genetic 

modifications, animal husbandry, gene therapy, mathematical models, adaptations, variables, Darwin Theory, 

genetic technology, selective breeding, extinct, transgenic, consumer, domestic, clone, synthesize, mutation, 

camouflage, industrial melanism, entomologist, simulation 

Evidence of Learning 

Additional Suggested Assessments: 

● Classroom discussion 
● Inquiry-based investigations and projects 
● Participation in general classroom assignments 
● Performance tasks 
● Scientific reading, writing, and mathematics analysis 

● Teacher observations 
● Tests/quizzes 

 

Part A: How can changes to the genetic code increase or decrease an individual’s chances of survival? 

● Construct an explanation that includes probability statements regarding variables and proportional 

reasoning of how genetic variations of traits in a population increase some individuals’ probability 

surviving and reproducing in a specific environment. 

● Use probability to describe some cause-and-effect relationships that can be used to explain why some 

individuals survive and reproduce in a specific environment. 
 

Part B: How can the environment affect natural selection? 

● Explain some causes of natural selection and the effect it has on the increase or decrease of specific traits 

in populations over time. 

● Use mathematical representations to support conclusions about how natural selection may lead to 

increases and decreases of genetic traits in populations over time. 
 

Part C: Are Genetically Modified Organisms (GMO) safe to eat? 

● Gather, read, and synthesize information about technologies that have changed the way humans influence 

the inheritance of desired traits in organisms (artificial selection) from multiple appropriate sources. 

● Describe how information from publications about technologies and methods that have changed the way 

humans influence the inheritance of desired traits in organisms (artificial selection) used are supported or 

not supported by evidence. 
● Assess the credibility, accuracy, and possible bias of publications and the methods they used when 

gathering information about technologies that have changed the way humans influence the inheritance of 

desired traits in organisms (artificial selection). 

Misconceptions: 

Students, even after some years of biology instruction, have difficulties understanding the notion of natural 

selection. A major hindrance to understanding natural selection appears to be students' inability to integrate 

two distinct processes in evolution, the occurrence of new traits in a population and their effect on long-term 



survival. Many students believe that environmental conditions are responsible for changes in traits, or that 

organisms develop new traits because they need them to survive, or that they over-use or under-use certain 

bodily organs or abilities. By contrast, students have little understanding that chance alone produces new 

heritable characteristics by forming new combinations of existing genes or by mutations of genes. Some students 

believe that a mutation modifies an individual's own form during its life rather than only its germ cells and 

offspring (see almost any science fiction movie). Students also have difficulties understanding that changing a 

population results from the survival of a few individuals that preferentially reproduce, not from the gradual 

change of all individuals in the population. Explanations about "insects or germs becoming more resistant" 

rather than "more insects or germs becoming resistant" may reinforce these misunderstandings. Specially 

designed instruction can improve students' understanding of natural selection.  

 

Students may have difficulties with the various uses of the word "adaptation". In everyday usage, individuals 

adapt deliberately. But in the theory of natural selection, populations change or "adapt" over generations, 

inadvertently Students of all ages often believe that adaptations result from some overall purpose or design, 

or they describe adaptation as a conscious process to fulfill some need or want. Elementary- and middle-

school students also tend to confuse non-inherited adaptations acquired during an individual's lifetime with 

adaptive features that are inherited in a population (NSDL, 2015) 

 

Learning Activities: 

MS-LS4-4. Construct an explanation based on evidence that describes how genetic variations of traits in a 

population increase some individuals’ probability of surviving and reproducing in a specific environment. 

  

Engage (Anticipatory Set):  

● Peppered Moth Simulation 
http://peppermoths.weebly.com/ 

● Peppered Moth Activity 
http://betterlesson.com/lesson/637464/peppered-moths 

  

Exploration (Student Inquiry):  

● What is Evolution 
In this activity, students will construct an explanation based on evidence that describes how genetic 

variation of traits in a population increase some individual's probability of surviving and reproducing 

in a specific environment. 

http://betterlesson.com/lesson/636016/what-is-evolution 

  

Explanation (Concepts and Practices):  In these lessons, teachers should introduce formal labels, 

definitions, and explanations for concepts, practices, skills, or abilities.  Students should verbalize conceptual 

understandings and demonstration scientific and engineering practices. 

Topics to be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas 

● LS4.B: Natural Selection 
Natural selection leads to the predominance of certain traits in a population, and the suppression of 

others. 

  

Elaboration (Extension Activity):   

● Related Lessons 

http://strandmaps.dls.ucar.edu/?id=SMS-MAP-1437
http://peppermoths.weebly.com/
http://betterlesson.com/lesson/637464/peppered-moths
http://betterlesson.com/lesson/636016/what-is-evolution
http://www.nap.edu/openbook.php?record_id=13165&page=163
http://www.nap.edu/openbook.php?record_id=13165&page=163


http://betterlesson.com/next_gen_science/browse/2239/ngss-ms-ls4-6-use-mathematical-

representations-to-support-explanations-of-how-natural-selection-may-lead-to-increases-and-decrea 

  

Evaluation (Assessment Tasks):   

● Assessment Task A: 
To end the lesson I go through Recipe For Evolution: Variation, Selection & Time which is a resource 

from Learn. Genetics Genetic Science Learning Center which is a wonderful resource on a large 

variety of biology topics. This reinforces some of the things the students should have learned by doing 

the simulations. 

To assess student learning, I have students write a response to the following prompt in their journal: 

explain how genetic variation of traits in a population increase some individual's probability of 

surviving and reproducing in a specific environment. Use evidence from your investigations to support 

your answer. As this is a formative assessment I just use a 3 point scale to assess this journal entry: 

3 - Demonstrates strong understanding of the concept. 

2 - Demonstrates good understanding of the concept with only minor misunderstandings 

1 - Demonstrates poor understanding of the concept with major misunderstandings 

I make sure to meet with students who scored a 1 to ensure that their misunderstandings are cleared up 

before moving on to the next lesson. 

 

MS-LS4-5. Gather and synthesize information about the technologies that have changed the way humans 

influence the inheritance of desired traits in organisms. 

  

Engage (Anticipatory Set):  

● Video: Classical vs. Transgenic Breeding 
https://www.pbslearningmedia.org/asset/tdc02_vid_breeding/  

For what kind of characteristics have food crops been selectively bred? 

What are some examples of harmful effects of selective breeding? 

  

Exploration (Student Inquiry):  

● Artificially Selecting Dogs 
Students learn how artificial selection can be used to develop new dog breeds with characteristics that 

make the dogs capable of performing a desirable task. Students begin by examining canine features 

and their functions. They are then given a scenario that describes the type of task they need a new 

breed of dog to perform. They then select two existing breeds they feel will most likely produce a 

successful new breed and determine the resulting offspring's characteristics. This lesson emphasizes 

variation, inheritance, selection, and time (number of generations) to help students develop a clear 

understanding of artificial selection and, ultimately, natural selection. 

http://www.ucmp.berkeley.edu/education/lessons/breeding_dogs/ 

● Genetic Technology 
Students will conduct research to determine the similarities, differences , applications and potential 

impacts of genetic technologies. 

http://betterlesson.com/lesson/636020/genetic-technology 

  

http://betterlesson.com/next_gen_science/browse/2239/ngss-ms-ls4-6-use-mathematical-representations-to-support-explanations-of-how-natural-selection-may-lead-to-increases-and-decrea
http://betterlesson.com/next_gen_science/browse/2239/ngss-ms-ls4-6-use-mathematical-representations-to-support-explanations-of-how-natural-selection-may-lead-to-increases-and-decrea
http://learn.genetics.utah.edu/content/selection/recipe/
http://learn.genetics.utah.edu/content/selection/recipe/
http://learn.genetics.utah.edu/content/selection/recipe/
http://learn.genetics.utah.edu/content/selection/recipe/
https://www.pbslearningmedia.org/asset/tdc02_vid_breeding/
http://www.ucmp.berkeley.edu/education/lessons/breeding_dogs/
http://betterlesson.com/lesson/636020/genetic-technology


Explanation (Concepts and Practices):  In these lessons, teachers should introduce formal labels, 

definitions, and explanations for concepts, practices, skills, or abilities.  Students should verbalize conceptual 

understandings and demonstration scientific and engineering practices. 

Topics to be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas 

● LS4.B: Natural Selection: 
In artificial selection, humans have the capacity to influence certain characteristics of organisms by 

selective breeding. One can choose desired parental traits determined by genes, which are then passed 

onto offspring. 

  

Elaboration (Extension Activity):   

● Genetic Engineering Debate: Objective: To research the genetic engineering of food and create a 

public service announcement from the perspective of either the farmer or consumer. 
o Questions for students to address: 

▪ What type of technology is used in your type of genetic engineering? 
▪ What are the benefits and risks of this type of technology? 
▪ Who should be in charge of regulating and monitoring this type of genetic engineering 

to make sure that no one is abusing this technology? 
▪ Research- positions must be based on facts 

  

Evaluation (Assessment Tasks):   

● Assessment Task A 
Artificially Selecting Dogs- Written Response: Following this activity, students will write a paragraph 

describing the process of artificial selection in their own words, using dogs or another organism as 

their example. Encourage students to use and underline the VIST terms (variation, inheritance, 

selection, time) in their explanation. 

● Assessment Task B 
Clone Video Reflection  

Following the activity part of the Genetic Technology lesson, students should synthesize information 

learned by completing the reflection activity. 

● Assessment Task C 
Students will create an illustration that sums up their feelings/viewpoint on the genetic technologies 

they just learned about. Students can hand draw this or create it on the computer but either way it must 

be neat, colorful and their position (for or against) must be obvious. Students can then compare their 

Wordle created in the warm-up to their illustration to see if their perspective has changed. 

http://www.wordle.net/  

 

MS-LS4-6. Use mathematical representations to support explanations of how natural selection may lead to 

increases and decreases of specific traits in populations over time. 

  

Engage (Anticipatory Set):  

● Natural Selection Video 
http://www.hhmi.org/biointeractive/making-fittest-natural-selection-and-adaptation 

  

Exploration (Student Inquiry):  

● Nature at Work Mice Lab 

https://www.nap.edu/read/13165/chapter/10#163
https://www.nap.edu/read/13165/chapter/10#163
https://www.nap.edu/read/13165/chapter/10#163
http://betterlesson.com/lesson/resource/3190737/clone-video-reflection?from=resource_image
http://www.wordle.net/
https://www.brainpop.com/science/ecologyandbehavior/naturalselection/preview.weml
http://www.hhmi.org/biointeractive/making-fittest-natural-selection-and-adaptation


https://d2ct263enury6r.cloudfront.net/dQOQjAOu34mWuVJ625rTV9mYLbqflasfeqyDrQZten4WDa

0h.pdf 

If the events in the game occurred in nature, how would the group of mice change over time? How did 

the results for the white sand environment differ from those of the brown forest floor environment? 

Students should use their numerical data to explain how natural selection leads to increases or 

decreases of specific traits in populations over time. 

  

Explanation (Concepts and Practices):  In these lessons, teachers should introduce formal labels, 

definitions, and explanations for concepts, practices, skills, or abilities.  Students should verbalize conceptual 

understandings and demonstration scientific and engineering practices. 

Topics to be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas 

● LS4.C: Adaptation 
Adaptation by natural selection acting over generations is one important process by which species 

change over time in response to changes in environmental conditions. Traits that support successful 

survival and reproduction in the new environment become more common; those that do not become 

less common. Thus, the distribution of traits in a population changes. 

  

Elaboration (Extension Activity):   

● Related Lessons 
http://betterlesson.com/next_gen_science/browse/2239/ngss-ms-ls4-6-use-mathematical-

representations-to-support-explanations-of-how-natural-selection-may-lead-to-increases-and-decrea 

  

Evaluation (Assessment Tasks):   

● Assessment Task A: Lab Analysis Questions 
● Assessment Task B: Lab Graph 

o Student graphs should: 

▪ Compare the population changes of mice in both environments across all three 

generations 
▪ Include a title, labels and a key if necessary 

 

Additional Lesson Ideas: 

● 99.99% Antibacterial Products and Natural Selection  
● An Origin of Species: Pollenpeepers 

● Making Sense of Natural Selection 
● Bug Hunt 
● Color Variation over Time in Rock Pocket Mouse Populations 
● Catch Up on Tomato Technology 
● Natural Selection of Bacteria 
● Candy dish selection 
● Genetic Engineering Debates: Students are organized into groups of four by interest in topics.  Once 

groups are established, two students opt for a pro position and two students opt for the con position in 

response to the specific question about genetic engineering.  They have to gather relevant research for 

the debate and prepare for an opening argument, rebuttal, redirection, 2nd rebuttal, and conclusion. 
● https://betterlesson.com/lesson/635476/introduction-of-pbl-is-it-the-end-of-

humanity?from=cc_lesson_title 

https://d2ct263enury6r.cloudfront.net/dQOQjAOu34mWuVJ625rTV9mYLbqflasfeqyDrQZten4WDa0h.pdf
https://d2ct263enury6r.cloudfront.net/dQOQjAOu34mWuVJ625rTV9mYLbqflasfeqyDrQZten4WDa0h.pdf
http://www.nap.edu/openbook.php?record_id=13165&page=164
http://www.nap.edu/openbook.php?record_id=13165&page=164
http://www.nap.edu/openbook.php?record_id=13165&page=164
http://www.nap.edu/openbook.php?record_id=13165&page=164
http://betterlesson.com/next_gen_science/browse/2239/ngss-ms-ls4-6-use-mathematical-representations-to-support-explanations-of-how-natural-selection-may-lead-to-increases-and-decrea
http://betterlesson.com/next_gen_science/browse/2239/ngss-ms-ls4-6-use-mathematical-representations-to-support-explanations-of-how-natural-selection-may-lead-to-increases-and-decrea
http://ngss.nsta.org/Resource.aspx?ResourceID=17
http://ngss.nsta.org/Resource.aspx?ResourceID=55
http://ngss.nsta.org/Resource.aspx?ResourceID=62
http://ngss.nsta.org/Resource.aspx?ResourceID=63
http://ngss.nsta.org/Resource.aspx?ResourceID=378
http://ngss.nsta.org/Resource.aspx?ResourceID=126
http://ngss.nsta.org/Resource.aspx?ResourceID=17
http://www.ucmp.berkeley.edu/education/lessons/candy_dish.html
https://betterlesson.com/lesson/635476/introduction-of-pbl-is-it-the-end-of-humanity?from=cc_lesson_title
https://betterlesson.com/lesson/635476/introduction-of-pbl-is-it-the-end-of-humanity?from=cc_lesson_title


Instructional Materials: 

● Smartboard 
● Laptop cart 

Teacher Resources: 

In this unit of study, students will build on their prior knowledge by constructing explanations that describe 

how genetic variations increase some individuals’ probability of surviving and reproducing. Mathematical 

representations will be used to support explanations of how natural selection leads to increases and decreases 

of specific traits in populations over time. Students will analyze numerical data sets that represent a 

proportional relationship between some change in the environment and corresponding changes in genetic 

variation over time. Students will summarize these numerical data sets and construct explanations for how the 

proportional relationship could impact the probability of some individuals surviving and reproducing in a 

specific environment. 

Students will construct explanations based on evidence that describes how genetic variations can provide a 

survival and reproductive advantage over other traits. This evidence could be provided through activities that 

model these phenomena or by examining and analyzing data from informative texts. Based on their findings, 

students can write claims about how natural selection leads to a predominance of some traits in a population 

and the suppression of other traits. Students will pay attention to precise details in explanations from specific 

textual evidence and will cite this evidence to support their analysis and reflection on research that explains 

how genetic variation of traits in a population increases some individuals’ probability of surviving and 

reproducing in a specific environment. Students will compare and contrast the information gained from 

experiments, simulations, video, or multimedia sources with that gained from reading these texts and write 

informative/explanatory texts on how natural selection leads to the predominance of some traits and the 

suppression of others in a population. 

Students will engage effectively in a range of collaborative discussions where they will present their claims 

and findings. These discussions may be one-on-one between students, in small groups, or teacher-led large 

group discussions. In these discussions, students will build on others’ ideas while expressing their own 

clearly. Claims must emphasize salient points in a focused, coherent manner, supported with relevant 

evidence, sound valid reasoning, and well-chosen details. Students must use appropriate eye contact, adequate 

volume, and clear pronunciation.  There are multiple activities available that show students how one trait can 

provide a survival advantage over another in a specific environment. As part of these activities, students can 

analyze data and determine ratio relationships to provide evidence of cause-and-effect relationships. These 

ratios can be used to explain why some inherited traits result in individuals that have a survival advantage in a 

specific environment over time or why other traits in a population are suppressed. When an environment 

changes as a result of human influence and/or natural processes on Earth, traits that were present in 

populations of organisms and that led to a survival advantage in that environment before the change may no 

longer offer an advantage. Changes in environmental conditions can be the driving cause of the suppression of 

traits in populations. 

Students will examine a variety of environmental factors that may influence the natural selection that is taking 

place in populations. Students will need to use simple probability statements and proportional reasoning to 

explain why each factor may or may not be responsible for the changes being observed. Students will 

compare and contrast the information gained from experiments, simulations, video, or multimedia sources 

with information gained from reading science and technical texts to support their explanations. After students 

have constructed their explanations, they will participate in collaborative discussions in small groups; in 

larger, teacher-led groups, or in pair. 



After students have developed a strong understanding of natural selection, they will need to begin gathering 

evidence from multiple sources, including print and digital, to support analysis of information about 

technologies that have changed how humans can influence the inheritance of desired traits in organisms 

(artificial selection). Students need to examine current technologies as well as the technologies that have led 

to these scientific discoveries. Students will cite the information they gathered and quote or paraphrase 

relevant data and conclusions from their resources to describe the impact that current technologies have on 

society. Some of the influences of humans on genetic outcomes in artificial selection that students can 

examine include genetic modifications, animal husbandry, and gene therapy. 

 

Students can be provided with multiple sources to determine the credibility, accuracy, and possible bias of the 

resources. In order to determine the best sources, students can investigate and describe how information in 

these resources is supported or not supported by evidence. Once students have determined appropriate 

sources, they can begin to synthesize information about the technologies that have changed how humans can 

influence the inheritance of desired traits in organisms (artificial selection). Students can quote or paraphrase 

the data and conclusions and provide basic bibliographic information. They can do this in a variety of ways 

(e.g., in writing, verbal discussion, debate, Socratic seminar, etc.). 

 

● Classroom Libraries 
● BrainPOP.com 

o BrainPop: Natural Selection 

● Mysteryscience.com 
● Bozeman Science:  

o LS4B: Natural Selection 
o LS4C: Adaptation 

● Phet Simulation Natural Selection  
● Gizmos / Explore Learning Simulation 
● Lesson Exemplars  

● NASA resources: https://www.jpl.nasa.gov/edu/teach/ 
● Novel-based engineering tasks: http://www.novelengineering.org/library/ 
● Learning Activities: https://njctl.org/courses/science/ 
● STEM Teaching Tools: http://stemteachingtools.org/tools   
● NASA Units and Lessons: 

https://www.nasa.gov/offices/education/programs/national/summer/education_resources/lifescience_grades4-

6/index.html 

● Lesson Ideas: http://www.middleschoolchemistry.com/lessonplans/  

Modifications & Accommodations: 

*Please note that the following modifications and accommodations vary from unit to unit, and may be 

implemented for any student who would benefit 

Gifted and Talented 
(content, process, product, and learning environment) 

Extension Activities: 

● Conduct research and provide presentation of cultural topics  

English Language Learners 

Modifications: 

● Modified assignments 

● Native language translation (peer, 

online assistive technology, translation 

device, bilingual dictionary) 

https://www.brainpop.com/science/ecologyandbehavior/naturalselection/
http://www.bozemanscience.com/ngs-ls4b-natural-selection
http://www.bozemanscience.com/ngs-ls4c-adaptation
https://phet.colorado.edu/en/simulation/natural-selection
https://www.explorelearning.com/index.cfm?method=cResource.dspDetail&resourceID=447
https://www.nextgenscience.org/resources/examples-quality-ngss-design
https://www.jpl.nasa.gov/edu/teach/
http://www.novelengineering.org/library/
https://njctl.org/courses/science/
http://stemteachingtools.org/tools
https://www.nasa.gov/offices/education/programs/national/summer/education_resources/lifescience_grades4-6/index.html
https://www.nasa.gov/offices/education/programs/national/summer/education_resources/lifescience_grades4-6/index.html
http://www.middleschoolchemistry.com/lessonplans/


● Design surveys to generate and analyze data to be used in 

discussion. 

Debate topics of interest/cultural importance. 
● Authentic listening and reading sources that provide data 

and support for speaking and writing prompts 
● Exploration of art and/or artists to understand society and 

history 
● Implement RAFT (role, audience, format, topic) activities 

as they pertain to the types/modes of communication 
● Anchor activities 
● Use of higher-level questioning techniques 
● Provide assessments at a higher-level  of thinking 

● Extended time for assignment 

completion as needed 
● Highlight key vocabulary 
● Use graphic organizers 

Students with Disabilities 
(appropriate accommodations, instructional adaptation, and/or 

modifications as determined by the IEP or 504 team) 

Modifications for Classroom: 

● Pair visual prompts with verbal presentations 
● Ask students to restate information, directions, and 

assignments 

● Repetition and practice 
● Model skills/techniques to be mastered 
● Extended time to complete class work 
● Provide copy of class notes 
● Preferential seating to be mutually determined by the 

student and teacher 
● Student may request to use a computer to complete 

assignments 
● Establish expectations for correct spelling on assignments 

● Extra textbooks for home 
● Student may request books on tape/CD/digital media, as 

available and appropriate 
● Assign a peer helper in the class setting 
● Provide oral reminders and check student work during 

independent work time 
● Assist student with long and short term planning of 

assignments 

● Encourage student to proofread assignments and tests 
● Provide regular parent/school communication 
● Teachers will check/sign student agenda daily 
● Student requires use of other assistive technology device 
 

Homework and Assignments: 

● Extended time to complete assignments 
● Student requires more complex assignments to be broken up 

and explained in smaller units, with work to be submitted in 

phases. 

Students at Risk of School Failure 

Modifications for Classroom: 

● Pair visual prompts with verbal 

presentations 
● Ask students to restate information, 

directions, and assignments 

● Repetition and practice 
● Model skills/techniques to be mastered 
● Extended time to complete class work 
● Provide a copy of class notes 
● Preferential seating to be mutually 

determined by the student and teacher 
● Student may request to use a computer 

to complete assignments 
● Establish expectations for correct 

spelling on assignments 
● Extra textbooks for home 
● Student may request books on 

tape/CD/digital media, as available and 

appropriate 
● Assign a peer helper in the class setting 
● Provide oral reminders and check 

student work during independent work 

time 
● Assist student with long and short term 

planning of assignments 
● Encourage student to proofread 

assignments and tests 
● Provide regular parent/school 

communication 

● Teachers will check/sign student 

agenda daily 
● Student requires use of other assistive 

technology device 



● Provide the student with clearly stated (written) 

expectations and grading criteria for assignments. 
● Implement RAFT (role, audience, format, topic) activities 

as they pertain to the types/modes of communication 

● Continue to develop phrasing and fluency while reading 

aloud, as needed 

● Encourage silent reading for short periods of time  

● Use close reading strategies 

● Continue to provide access to various genres  

● Make available high interest, low readability texts for use 

during independent reading  

● Use citing the text strategy to develop oral and written 

summarization skills 

● Continue using marking the text strategy 

● Write short essays using various supporting strategies such 

as marking the text, graphic organizers, citing text, and 

teacher-prompts 

● Write routinely and engage in peer editing with teacher 

guidance 

 

Modifications for Assessments: 

● Extended time on classroom tests and quizzes 
● Student may take/complete tests in an alternate setting as 

needed 
● Restate, reread, and clarify directions/questions 

● Distribute study guide for classroom tests 
● Establish procedures for accommodations/modifications for 

assessments 

 

Modifications for Homework and 

Assignments: 

● Extended time to complete assignments 
● Student requires more complex 

assignments to be broken up and 

explained in smaller units, with work to 

be submitted in phases. 
● Provide the student with clearly stated 

(written) expectations and grading 

criteria for assignments. 
● Implement RAFT (role, audience, 

format, topic) activities as they pertain 

to the types/modes of communication 
 

Modifications for Assessments: 

● Extended time on classroom tests and 

quizzes 
● Student may take/complete tests in an 

alternate setting as needed 
● Restate, reread, and clarify 

directions/questions 

● Distribute study guide for classroom 

tests 
● Establish procedures for 

accommodations/modifications for 

assessments 
 

 

  



Benway School 

 Unit 3 

Content Area: Science 

Unit Title:  Human Impacts 

Grade Level: 8 

Unit Overview:  In this unit of study, students analyze and interpret data and design solutions to build on 

their understanding of the ways that human activities affect Earth's systems. The emphasis of this unit is 

the significant and complex issues surrounding human uses of land, energy, mineral, and water resources 

and the resulting impacts of these uses. The crosscutting concepts of cause and effect and the influence of 

science, engineering, and technology on society and the natural world are called out as organizing 

concepts for these disciplinary core ideas. Building on Unit 3, students define a problem by precisely 

specifying criteria and constraints for solutions as well as potential impacts on society and the natural 

environment; systematically evaluate alternative solutions; analyze data from tests of different solutions; 

combining the best ideas into an improved solution; and develop and iteratively test and improve their 

model to reach an optimal solution. In this unit of study students are expected to demonstrate proficiency 

in analyzing and interpreting data and designing solutions. Students are also expected to use these 

practices to demonstrate understanding of the core ideas. 

Essential Questions: 

● How do we monitor the health of the environment (our life support system)? 
● Is it possible to predict and protect ourselves from natural hazards? 

Recommended Pacing:  25 days (November-January) 

Student Learning Objectives/Performance Expectations NJSLS 

Apply scientific principles to design a method for monitoring and minimizing a 

human impact on the environment.* [Clarification Statement: Examples of the 

design process include examining human environmental impacts, assessing the 

kinds of solutions that are feasible, and designing and evaluating solutions that 

could reduce that impact. Examples of human impacts can include water usage 

(such as the withdrawal of water from streams and aquifers or the construction 

of dams and levees), land usage (such as urban development, agriculture, or the 

removal of wetlands), and pollution (such as of the air, water, or land).] 

MS-ESS3-3 

Define the criteria and constraints of a design problem with sufficient precision 

to ensure a successful solution, taking into account relevant scientific principles 

and potential impacts on people and the natural environment that may limit 

possible solutions. 

MS-ETS1-1 

Evaluate competing design solutions using a systematic process to determine 

how well they meet the criteria and constraints of the problem. 

MS-ETS1-2 

Analyze data from tests to determine similarities and differences among several 

design solutions to identify the best characteristics of each that can be combined 

into a new solution to better meet the criteria for success. 

MS-ETS1-3 

New Jersey Student Learning Standards/Disciplinary Core Ideas 

ESS3.C: Human Impacts on Earth Systems 

● Human activities have significantly altered the biosphere, sometimes damaging or destroying natural 

habitats and causing the extinction of other species. But changes to Earth’s environments can have 

different impacts (negative and positive) for different living things. (MS-ESS3-3) 



● Typically as human populations and per-capita consumption of natural resources increase, so do the 

negative impacts on Earth unless the activities and technologies involved are engineered otherwise. 

(MS-ESS3-3) 

ETS1.A: Defining and Delimiting Engineering Problems 

● The more precisely a design task’s criteria and constraints can be defined, the more likely it is that the 

designed solution will be successful. Specification of constraints includes consideration of scientific 

principles and other relevant knowledge that are likely to limit possible solutions. (MS-ETS1-1) 

ETS1.B: Developing Possible Solutions 

● There are systematic processes for evaluating solutions with respect to how well they meet the criteria 

and constraints of a problem. (MS-ETS1-2, MS-ETS1-3) 

● Sometimes parts of different solutions can be combined to create a solution that is better than any of 

its predecessors. (MS-ETS1-3) 

ETS1.C: Optimizing the Design Solution 

● Although one design may not perform the best across all tests, identifying the characteristics of the 

design that performed the best in each test can provide useful information for the redesign process—

that is, some of those characteristics may be incorporated into the new design. (MS-ETS1-3) 

Science and Engineering Practices Crosscutting Concepts 

Analyzing and Interpreting Data 

● Analyze and interpret data to determine similarities 

and differences in findings. (MS-ETS1-3) 
Asking Questions and Defining Problems  

● Define a design problem that can be solved through 

the development of an object, tool, process or system 

and includes multiple criteria and constraints, 

including scientific knowledge that may limit possible 

solutions. (MS-ETS1-1) 
Constructing Explanations and Designing Solutions 

● Apply scientific principles to design an object, tool, 

process or system. (MS-ESS3-3) 
Engaging in Argument from Evidence 

● Evaluate competing design solutions based on jointly 

developed and agreed-upon design criteria. (MS-

ETS1-2) 

Cause and Effective 

● Relationships can be classified as causal 

or correlational, and correlation does not 

necessarily imply causation. (MS-ESS3-

3) 
Influence of Science, Engineering, and 

Technology on Society and the Natural 

World 

● The uses of technologies and any 

limitations on their use are driven by 

individual or societal needs, desires, and 

values; by the findings of scientific 

research; and by differences in such 

factors as climate, natural resources, and 

economic conditions. Thus technology 

use varies from region to region and over 

time. (MS-ESS3-3, MS-ETS1-1) 
● All human activity draws on natural 

resources and has both short and long-

term consequences, positive as well as 

negative, for the health of people and the 

natural environment. (MS-ETS1-1) 

Interdisciplinary Connections 

English Language Arts/Literacy 

● Conduct short research projects to determine a method for monitoring and minimizing a human impact 

on the environment, drawing on several sources and generating additional, related, focused questions 

that allow multiple avenues of exploration. 



● Gather relevant information from multiple print and digital sources about a method for monitoring and 

minimizing a human impact on the environment, assess the credibility of each source, and quote or 

paraphrase the data and conclusions of others while avoiding plagiarism and providing basic 

bibliographic information for sources. 

● Draw evidence from informational texts about minimizing a human impact on the environment to 

support analysis, reflection, and research. 

● Cite specific textual evidence about a method for monitoring and minimizing a human impact on the 

environment to support analysis of science and technical texts. 

● Compare and contrast the information gained from experiments, simulations, videos, or multimedia 

sources with that gained from reading a text on a method for monitoring and minimizing a human 

impact on the environment. 

● Integrate quantitative or technical information about a method for monitoring and minimizing a human 

impact on the environment expressed in words with a version of that information expressed visually. 

Mathematics 

● Use abstract and quantitative reasoning to analyze and interpret data in order to determine similarities 

and differences in findings of how well designed methods meet the criteria and constraints of solutions 

that could reduce a human impact on the environment. 

● Understand the concept of a ratio and use ratio language to describe a ratio relationship between 

human impacts on environments and the impact of methods to minimize these impacts.  

● Use variables to represent quantities when analyzing and interpreting data to determine how well 

designed methods meet the criteria and constraints of solutions that could reduce a human impact on 

the environment and construct simple equations and inequalities to solve problems by reasoning about 

the quantities. 

● While analyzing data to determine how well designed methods meet the criteria and constraints of 

solutions that could reduce a human impact on the environment, solve multistep mathematical 

problems posed with positive and negative rational numbers in any form (whole numbers, fractions, 

and decimals), using tools strategically. Apply properties of operations to calculate with numbers in 

any form; covert between forms as appropriate; and assess the reasonableness of answers using mental 

computation and estimation strategies. 

English Language Arts Mathematics 

● Cite specific textual evidence to support analysis of 

science and technical texts. (MS-ETS1-1),(MS-ETS1-

2),(MS-ETS1-3) RST.6-8.1 
● Analyze the author's purpose in providing an 

explanation, describing a procedure, or discussing an 

experiment in a text. RST.6-8.6 
● Integrate quantitative or technical information 

expressed in words in a text with a version of that 

information expressed visually (e.g., in a flowchart, 

diagram, model, graph, or table).  (MS-ESS3-3),(MS-

ETS1-3) RST.6-8.7 

● Expressions and Equations (MS-ETS1-3) 

8.EE 
● Reason abstractly and 

quantitatively. (MS-ETS1-1),(MS-ETS1-

2),(MS-ETS1-3) MP.2 

 

http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8/6/
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP2


● Compare and contrast the information gained from 

experiments, simulations, videos, or multimedia 

sources with that gained from reading a text on the 

same topic. (MS-ETS1-2),(MS-ETS1-3) RST.6-8.9 

● Conduct short research projects to answer a question 

(including a self-generated question), drawing on 

several sources and generating additional related, 

focused questions that allow for multiple avenues of 

exploration. (MS-ETS1-2) WHST.6-8.7 

● Gather relevant information from multiple print and 

digital sources, using search terms effectively; assess 

the credibility and accuracy of each source; and quote 

or paraphrase the data and conclusions of others while 

avoiding plagiarism and following a standard format 

for citation.  (MS-ESS3-3),(MS-ETS1-1) WHST.6-

8.8 
● Draw evidence from informational texts to support 

analysis, reflection, and research. (MS-ETS1-2) 

WHST.6-8.9 
● Integrate multimedia and visual displays into 

presentations to clarify information, strengthen claims 

and evidence, and add interest. (MS-ETS1-4) SL.8.5 

New Jersey Student Learning Standards 

Technology 
(Additional standards should be applied, as needed, to enrich instruction and foster student 

achievement.) 

Indicator 

Investigate a malfunction in any part of a system and identify its impacts. 8.2.8.A.3 

Redesign an existing product that impacts the environment to lessen its impact(s) on 

the environment. 

8.2.8.A.4 

Analyze the historical impact of waste and demonstrate how a product is upcycled, 

reused or remanufactured into a new product. 

8.2.8.B.7 

Explain how different teams/groups can contribute to the overall design of a product. 8.2.8.C.1 

Explain the need for optimization in a design process.  8.2.8.C.2 

Identify the steps in the design process that would be used to solve a designated 

problem. 

8.2.8.C.4 

Create a technical sketch of a product with materials and measurements labeled. 8.2.8.C.5.a 

Collaborate to examine a malfunctioning system and identify the step-by-step process 

used to troubleshoot, evaluate and test options to repair the product, presenting the 

better solution. 

8.2.8.C.6 

Collaborate with peers and experts in the field to research and develop a product using 

the design process, data analysis and trends, and maintain a design log with annotated 

sketches to record the developmental cycle. 

8.2.8.C.7 

Develop a proposal for a chosen solution that include models (physical, graphical or 

mathematical) to communicate the solution to peers. 

8.2.8.C.8 

Design and create a product that addresses a real world problem using a design process 

under specific constraints. 

8.2.8.D.1 

http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
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Identify the design constraints and trade-offs involved in designing a prototype (e.g., 

how the prototype might fail and how it might be improved) by completing a design 

problem and reporting results in a multimedia presentation, design portfolio or 

engineering notebook. 

8.2.8.D.2 

Build a prototype that meets a STEM-based design challenge using science, 

engineering, and math principles that validate a solution. 

8.2.8.D.3 

Research and publish the steps for using and maintaining a product or system and 

incorporate diagrams or images throughout to enhance user comprehension. 

8.2.8.D.4 

New Jersey Student Learning Standards 

21st Century Life and Career Skills 
(Additional standards should be applied, as needed, to enrich instruction and foster student 

achievement.) 

Indicator 

Relate how career choices, education choices, skills, entrepreneurship, and economic 

conditions affect income. 

9.1.8.A.2 

Differentiate among ways that workers can improve earning power through the 

acquisition of new knowledge and skills. 

9.1.8.A.3 

Compare and contrast product facts versus advertising claims. 9.1.8.E.3 

Prioritize personal wants and needs when making purchases 9.1.8.E.4 

Compare the value of goods or services from different sellers when purchasing large 

quantities and small quantities. 

9.1.8.E.6 

Explain why it is important to develop plans for protecting current and future personal 

assets against loss. 

9.1.8.G.1 

Evaluate communication, collaboration, and leadership skills that can be developed 

through school, home, work, and extracurricular activities for use in a career. 

9.2.8.B.3 

Career Ready Practices Indicator 

Apply appropriate academic and technical skills. CRP2 

Communicate clearly and effectively and with reason. CRP4 

Consider the environmental, social and economic impacts of decisions. CRP5 

Demonstrate creativity and innovation. CRP6 

Employ valid and reliable research strategies. CRP7 

Utilize critical thinking to make sense of problems and persevere in solving them. CRP8 

Use technology to enhance productivity. CRP11 

Work productively in teams while using cultural global competence. CRP12 

Key Vocabulary Words 

Aquifers, levee, urban development, pollution, anthropogenic, particulates, ecological community, 

agriculture, water usage 

Evidence of Learning 

Additional Suggested Assessments: 

● Classroom discussion 
● Inquiry-based investigations and projects 
● Participation in general classroom assignments 
● Performance tasks 

● Scientific reading, writing, and mathematics analysis 
● Teacher observations 
● Tests/quizzes 
 



Part A: How do we monitor the health of the environment (our life support system)? 

● Apply scientific principles to design a method for monitoring and minimizing a human impact on the 

environment. 

Learning Activities: 

MS-ESS3-3. Apply scientific principles to design a method for monitoring and minimizing a human 

impact on the environment. 

  

Engage (Anticipatory Set):  

● Have students view the following video and online quiz:  
Human Impact on the Environment: http://study.com/academy/lesson/human-impacts-on-the-

environment.html 

Exploration (Student Inquiry):  

● Will the Air Be Clean Enough to Breath? This online interactive is comprised of five modules. In 

completing these activities, students will explore real-time air quality data with maps from the 

United States EPA. They will run experiments with computational models to investigate how 

pollutants flow in the atmosphere and look at how factors such as wind, sun, rain, geography and 

pollution affect air quality. By the end of the module, students will be able to predict the effect of 

human development on a region's future air quality. 
http://concord.org/stem-resources/will-air-be-clean-enough-breathe 

● Design Your Society. In this activity, students will use all they have learned about the potential 

impacts of climate change to create a 3D model of a self-sustaining, resilient society. 
http://betterlesson.com/lesson/644797/design-your-society 

  

Explanation (Concepts and Practices):  In these lessons, teachers should introduce formal labels, 

definitions, and explanations for concepts, practices, skills, or abilities.  Students should verbalize 

conceptual understandings and demonstration scientific and engineering practices. 

Topics to be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas 

● ESS3.C Human Impacts on Earth Systems 
Human activities have significantly altered the biosphere, sometimes damaging or destroying natural 

habitats and causing the extinction of other species. But changes to Earth’s environments can have 

different impacts (negative and positive) for different living things. 

Typically as human populations and per-capita consumption of natural resources increase, so do 

the negative impacts on Earth unless the activities and technologies involved are engineered 

otherwise. 

Elaboration (Extension Activity):   

● Mix and Math Ecology: Human Impact: Challenge students to think of a way to reduce the threat 

to the natural resource of their mix-and-match combinations without eliminating the human 

action. 
http://www.learnnc.org/lp/media/uploads/2008/12/ecologyworksheet.pdf 

o In what ways could the human action be changed to achieve the same result but with better 

environmental consequences? 
o Could any buffers or protection be placed on the ecological communities that might better 

preserve the natural resource? 
o What policies or laws could be passed that might help? 

  

Evaluation (Assessment Tasks):   

http://study.com/academy/lesson/human-impacts-on-the-environment.html
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● Assessment Task A: Design Your Society using Google Sketch Up 
Using what students have learned about the potential impacts of climate change, students will create a 3D 

model of a self-sustaining, resilient society (using Google Sketch Up). 

● Assessment Task B: Society Presentations 
Students will present 3D models to the class. Students viewing the presentations will use the Society 

Presentation Notes Guide to synthesize and interpret information learned from presentations. 

Instructional Materials: 

● Smartboard 
● Laptop cart 

Teacher Resources: 

Throughout this unit of study, students will be engaged in the engineering design process. Students can 

start by identifying a human impact on the environment that has resulted from human consumption of 

natural resources. Using what they have identified, students will begin to define the criteria and 

constraints of the design problem whose solution will help to monitor and minimize the human impact on 

the environment. Using informational texts to support this process is important. Students will draw 

evidence from these texts in order to support their analysis, reflection, and research. 

When students consider criteria, they should conduct short research projects to examine factors such as 

societal and individual needs, cost effectiveness, available materials and natural resources, current 

scientific knowledge, and current advancements in science and technology. They should also consider 

limitations due to natural factors such as regional climate and geology. While conducting their research, 

students will need to gather their information from multiple print and digital sources and assess the 

credibility of each source. 

When students quote or paraphrase the data and conclusions found in these resources, they will need to 

avoid plagiarism and provide basic bibliographic information for each source. After comparing the 

information gained from their research, experiments, simulations, video, or other multimedia sources, they 

will be able to determine precise design criteria and constraints that lead to a successful solution. 

Students will need to jointly develop and agree upon the design criteria that will be used to evaluate 

competing existing design solutions (i.e., varying dam designs, irrigation systems, varying methods of 

reducing pollution, varying methods of urban development). Students can use a rubric, checklist, or 

decision tree to assist them in evaluating the design solution selected. 

Students can be provided with data from tests performed on these existing design solutions. They will 

analyze and interpret these data to determine similarities and differences in findings. This is where they 

are deciding where different parts of the pre-existing solutions can be combined. For example, the 

building materials of a particular dam may be superior while the shape of another design may be more 

suitable. Students should consider the ratio relationship between the impacts that humans have on the 

environment and the impact that the design solution has on minimizing these impacts. Students will need 

to consider both qualitative and quantitative data when drawing conclusions about the various design 

solutions. 

It is important that students handle mathematical data appropriately. They should use variables to 

represent quantities and construct simple equations and inequalities to solve problems. While analyzing 

numerical data, students will need to solve mathematical problems that show both positive and negative 

values and apply properties of operations to calculate with numbers in any form; convert between forms 

as appropriate; and assess the reasonableness of answers using mental computations and estimation 



strategies. Support from mathematics teachers will help students with the mathematics required for this 

type of analysis. 

 

Once students have evaluated competing solutions and analyzed and interpreted data showing the 

similarities and differences of these solutions, they may then begin designing their own solutions. It is 

important that students consider the benefits and risks of each existing design solution. The impact on the 

environment and human society must be considered in the design. The final goal for students is to identify 

the parts of each design solution that best fit their criteria and constraints and combine these parts into a 

design solution that is better than any of its predecessors. 

 

● Classroom Libraries 
● BrainPOP.com 
● Mysteryscience.com 
● Bozeman Science: 

o ESS3C: Human Impacts on Earth Systems 
o ETS1A: Defining & Delimiting an Engineering Problem 
o ETS1B: Developing Possible Solutions 
o ETS1C: Optimizing Design Solutions 

● USGS Educational Resources for Secondary Grades (7–12): 
● NOAA Education Resources: 
● https://eie.org/sites/default/files/dontrunoff2015_3.pdf 
● Improper disposal of explosive equipment from 1902-1994 in 570 acres in Pompton Lakes, NJ. 

DuPont: http://www3.epa.gov/region02/waste/dupont_pompton/index.html 

● Lesson Exemplars  
● NSTA Classroom Resources 
● NASA resources: https://www.jpl.nasa.gov/edu/teach/ 
● Novel-based engineering tasks: http://www.novelengineering.org/library/ 
● Learning Activities: https://njctl.org/courses/science/ 
● STEM Teaching Tools: http://stemteachingtools.org/tools   
● NASA Units and Lessons: 

https://www.nasa.gov/offices/education/programs/national/summer/education_resources/lifescience_grades4-

6/index.html 

● Lesson Ideas: http://www.middleschoolchemistry.com/lessonplans/ 

Modifications & Accommodations: 

*Please note that the following modifications and accommodations vary from unit to unit, and may be 

implemented for any student who would benefit 

Gifted and Talented 
(content, process, product, and learning environment) 

Extension Activities: 

● Conduct research and provide presentation of cultural 

topics  
● Design surveys to generate and analyze data to be 

used in discussion. 

Debate topics of interest/cultural importance. 

English Language Learners 

Modifications: 

● Modified assignments 
● Native language translation (peer, online 

assistive technology, translation device, 

bilingual dictionary) 
● Extended time for assignment completion 

as needed 

● Highlight key vocabulary 

http://www.bozemanscience.com/ngs-ess3c-human-impacts-on-earth-systems
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http://www.bozemanscience.com/ngs-ets1c-optimizing-the-design-solutions
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http://www.education.noaa.gov/
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https://njctl.org/courses/science/
http://stemteachingtools.org/tools
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http://www.middleschoolchemistry.com/lessonplans/


● Authentic listening and reading sources that provide 

data and support for speaking and writing prompts 
● Exploration of art and/or artists to understand society 

and history 

● Implement RAFT (role, audience, format, topic) 

activities as they pertain to the types/modes of 

communication 
● Anchor activities 
● Use of higher-level questioning techniques 
● Provide assessments at a higher-level  of thinking 

● Use graphic organizers 

Students with Disabilities 
(appropriate accommodations, instructional adaptation, 

and/or modifications as determined by the IEP or 504 team) 

Modifications for Classroom: 

● Pair visual prompts with verbal presentations 
● Ask students to restate information, directions, and 

assignments 
● Repetition and practice 
● Model skills/techniques to be mastered 
● Extended time to complete class work 

● Provide copy of class notes 
● Preferential seating to be mutually determined by the 

student and teacher 
● Student may request to use a computer to complete 

assignments 
● Establish expectations for correct spelling on 

assignments 
● Extra textbooks for home 

● Student may request books on tape/CD/digital media, 

as available and appropriate 
● Assign a peer helper in the class setting 
● Provide oral reminders and check student work during 

independent work time 
● Assist student with long and short term planning of 

assignments 
● Encourage student to proofread assignments and tests 

● Provide regular parent/school communication 
● Teachers will check/sign student agenda daily 
● Student requires use of other assistive technology 

device 
 

Homework and Assignments: 

● Extended time to complete assignments 
● Student requires more complex assignments to be 

broken up and explained in smaller units, with work 

to be submitted in phases. 

Students at Risk of School Failure 

Modifications for Classroom: 

● Pair visual prompts with verbal 

presentations 
● Ask students to restate information, 

directions, and assignments 
● Repetition and practice 
● Model skills/techniques to be mastered 
● Extended time to complete class work 

● Provide a copy of class notes 
● Preferential seating to be mutually 

determined by the student and teacher 
● Student may request to use a computer to 

complete assignments 
● Establish expectations for correct spelling 

on assignments 
● Extra textbooks for home 

● Student may request books on 

tape/CD/digital media, as available and 

appropriate 
● Assign a peer helper in the class setting 
● Provide oral reminders and check student 

work during independent work time 
● Assist student with long and short term 

planning of assignments 

● Encourage student to proofread 

assignments and tests 
● Provide regular parent/school 

communication 
● Teachers will check/sign student agenda 

daily 
● Student requires use of other assistive 

technology device 
 

Modifications for Homework and 

Assignments: 



● Provide the student with clearly stated (written) 

expectations and grading criteria for assignments. 
● Implement RAFT (role, audience, format, topic) 

activities as they pertain to the types/modes of 

communication 
● Continue to develop phrasing and fluency while 

reading aloud, as needed 

● Encourage silent reading for short periods of time  

● Use close reading strategies 

● Continue to provide access to various genres  

● Make available high interest, low readability texts for 

use during independent reading  

● Use citing the text strategy to develop oral and written 

summarization skills 

● Continue using marking the text strategy 

● Write short essays using various supporting strategies 

such as marking the text, graphic organizers, citing 

text, and teacher-prompts 

● Write routinely and engage in peer editing with 

teacher guidance 

 

Modifications for Assessments: 

● Extended time on classroom tests and quizzes 
● Student may take/complete tests in an alternate setting 

as needed 

● Restate, reread, and clarify directions/questions 
● Distribute study guide for classroom tests 
● Establish procedures for 

accommodations/modifications for assessments 

● Extended time to complete assignments 
● Student requires more complex 

assignments to be broken up and 

explained in smaller units, with work to 

be submitted in phases. 
● Provide the student with clearly stated 

(written) expectations and grading criteria 

for assignments. 
● Implement RAFT (role, audience, format, 

topic) activities as they pertain to the 

types/modes of communication 
 

Modifications for Assessments: 

● Extended time on classroom tests and 

quizzes 
● Student may take/complete tests in an 

alternate setting as needed 

● Restate, reread, and clarify 

directions/questions 
● Distribute study guide for classroom tests 
● Establish procedures for 

accommodations/modifications for 

assessments 
 

 

  



Benway School 

 Unit 4 

Content Area: Science 

Unit Title: Chemical Reactions 

Grade Level: 8 

Unit Overview:  Students provide molecular-level accounts of states of matters and changes between 

states, of how chemical reactions involve regrouping of atoms to form new substances, and of how atoms 

rearrange during chemical reactions. Students also apply their understanding of optimization design and 

process in engineering to chemical reaction systems. The crosscutting concept of energy and 

matter provides a framework for understanding the disciplinary core ideas. Students are expected to 

demonstrate proficiency in developing and using models, analyzing and interpreting data, designing 

solutions, and obtaining, evaluating, and communicating information. Students are also expected to use 

these science and engineering practices to demonstrate understanding of the disciplinary core ideas. 

Essential Question:  How do substances combine or change (react) to make new substances? 

Recommended Pacing:  25 days (January-February) 

Student Learning Objectives/Performance Expectations NJSLS 

Develop and use a model to describe how the total number of atoms does not 

change in a chemical reaction and thus mass is conserved. [Clarification 

Statement: Emphasis is on law of conservation of matter and on physical 

models or drawings, including digital forms that represent atoms.] [Assessment 

Boundary: Assessment does not include the use of atomic masses, balancing 

symbolic equations, or intermolecular forces.] 

MS-PS1-5 

Undertake a design project to construct, test, and modify a device that either 

releases or absorbs thermal energy by chemical processes.* [Clarification 

Statement: Emphasis is on the design, controlling the transfer of energy to the 

environment, and modification of a device using factors such as type and 

concentration of a substance. Examples of designs could involve chemical 

reactions such as dissolving ammonium chloride or calcium chloride.] 

[Assessment Boundary: Assessment is limited to the criteria of amount, time, 

and temperature of substance in testing the device.] 

MS-PS1-6 

Evaluate competing design solutions using a systematic process to determine 

how well they meet the criteria and constraints of the problem. 

MS-ETS1-2 

Analyze data from tests to determine similarities and differences among several 

design solutions to identify the best characteristics of each that can be combined 

into a new solution to better meet the criteria for success. 

MS-ETS1-3 

Develop a model to generate data for iterative testing and modification of a 

proposed object, tool, or process such that an optimal design can be achieved. 

MS-ETS1-4 

New Jersey Student Learning Standards/Disciplinary Core Ideas 

PS1B: Chemical Reactions 

● Substances react chemically in characteristic ways. In a chemical process, the atoms that make up the 

original substances are regrouped into different molecules, and these new substances have different 

properties from those of the reactants. (MS-PS1-5) 
● The total number of each type of atom is conserved, and thus the mass does not change. (MS-PS1-5) 
● Some chemical reactions release energy, others store energy. (MS-PS1-6) 

ETS1.B: Developing Possible Solutions 



● A solution needs to be tested, and then modified on the basis of the test results, in order to improve it. 

(secondary to MS-PS1-6, MS-ETS1-4) 
● There are systematic processes for evaluating solutions with respect to how well they meet the criteria 

and constraints of a problem. (MS-ETS1-2, MS-ETS1-3) 

● Sometimes parts of different solutions can be combined to create a solution that is better than any of 

its predecessors. (MS-ETS1-3) 
● Models of all kinds are important for testing solutions. (MS-ETS1-4) 

ETS1.C: Optimizing the Design Solution 

● Although one design may not perform the best across all tests, identifying the characteristics of the 

design that performed the best in each test can provide useful information for the redesign process—

that is, some of the characteristics may be incorporated into the new design. (secondary to MS-PS1-6) 

● The iterative process of testing the most promising solutions and modifying what is proposed on the 

basis of the test results leads to greater refinement and ultimately to an optimal solution. (secondary to 

MS-PS1-6) 
● Although one design may not perform the best across all tests, identifying the characteristics of the 

design that performed the best in each test can provide useful information for the redesign process—

that is, some of those characteristics may be incorporated into the new design. (MS-ETS1-3) 

● The iterative process of testing the most promising solutions and modifying what is proposed on the 

basis of the test results leads to greater refinement and ultimately to an optimal solution. (MSETS1-4) 

Science and Engineering Practices Crosscutting Concepts 

Analyzing and Interpreting Data 

● Analyze and interpret data to determine similarities 

and differences in findings. (MS-ETS1-3) 
Constructing Explanations and Designing Solutions 

● Undertake a design project, engaging in the design 

cycle, to construct and/or implement a solution that 

meets specific design criteria and constraints. 

(MSPS1-6) 
Developing and Using Models 

● Develop a model to describe unobservable 

mechanisms. (MS-PS1-5) 
● Develop a model to generate data to test ideas about 

designed systems, including those representing inputs 

and outputs. (MS-ETS1-4) 
Engaging in Argument from Evidence 

● Evaluate competing design solutions based on jointly 

developed and agreed-upon design criteria. (MS-

ETS1-2)  
Science Models, Laws, Mechanisms, and Theories 

Explain Natural Phenomena 

● Laws are regularities or mathematical descriptions of 

natural phenomena. (MS-PS1-5) 

Energy and Matter 

● Matter is conserved because atoms are 

conserved in physical and chemical 

processes. (MS-PS1-5) 
● The transfer of energy can be tracked as 

energy flows through a designed or 

natural system. (MS-PS1-6) 

Interdisciplinary Connections 

English Language Arts 



● Follow precisely a multistep procedure when carrying out experiments, taking measurements, or 

performing technical tasks related to chemical reactions that release energy and some that store 

energy. 

● Cite specific textual evidence to support analysis of science and technical texts on the design and 

modification of a device that controls the transfer of energy to the environment using factors such as 

type and concentration of a substance. 

● Compare and contrast the information gained from experiments, simulations, video, or multimedia 

sources with that gained from reading a text on the design and modification of a device that controls 

the transfer of energy to the environment using factors such as type and concentration of a substance. 

● Conduct research on the design and modification of a device that controls the transfer of energy to the 

environment using factors such as type and concentration of a substance to answer a question 

(including a self-generated question), drawing on several sources and generating additional related, 

focused questions that allow for multiple avenues of exploration. 

● Draw evidence from informational texts to support analysis, reflection, and research on the design and 

modification of a device that controls the transfer of energy to the environment using factors such as 

type and concentration of a substance. 

● Include multimedia components and visual displays in presentations to clarify claims and findings and 

emphasize salient points on the design and modification of a device that controls the transfer of 

energy to the environment. 

Mathematics 

● Integrate quantitative information expressed in words about atoms before and after a chemical process 

with a version of that information expressed in a physical model or drawing, including digital forms. 

● Reason quantitatively and abstractly during communication about melting or boiling points. 

● Use mathematics to model the law of conservation of matter. 

● Use ratio and rate reasoning to describe how the total number of atoms does not change in a chemical 

reaction, and thus mass is conserved. 

● Reason quantitatively and abstractly: Reason quantitatively using numbers to represent the criteria 

(amount, time, and temperature of substance) when testing a device that either releases or absorbs 

thermal energy by chemical processes; reason abstractly by assigning labels or symbols. 

● Collect and analyze numerical data from tests of a device that either releases or absorbs thermal 

energy by chemical processes. Determine similarities and differences among several design solutions 

to identify the best characteristics of each that can be combined into a new solution to better meet the 

criteria for success. Pose problems with positive and negative rational numbers in any form, using 

tools strategically. Apply properties of operations to calculate the numerical data with numbers in any 

form, convert between forms as appropriate, and assess the reasonableness of answers using mental 

computations and estimation strategies. 

● Develop a probability model and use it as part of an iterative process for testing to find the probability 

that a promising design solution will lead to an optimal solution. Compare probabilities from a model 

to observed frequencies; if the agreement is not good, explain possible sources of the discrepancy in 

order to ultimately develop an optimal design. 



English Language Arts Mathematics 

● Cite specific textual evidence to support analysis of 

science and technical texts. (MS-ETS1-3) RST.6-8.1 
● Follow precisely a multistep procedure when carrying 

out experiments, taking measurements, or performing 

technical tasks. (MS-PS1-6) RST.6-8.3 
● Integrate quantitative or technical information 

expressed in words in a text with a version of that 

information expressed visually (e.g., in a flowchart, 

diagram, model, graph, or table). (MS-PS1-5) RST.6-

8.7 
● Compare and contrast the information gained from 

experiments, simulations, video, or multimedia 

sources with that gained from reading a text on the 

same topic. (MS-ETS1-3) RST.6-8.9 
● Conduct short research projects to answer a question 

(including a self-generated question), drawing on 

several sources and generating additional related, 

focused questions that allow for multiple avenues of 

exploration. (MS-PS1-6) (MS-ETS1-3) WHST.6-8.7 

● Reason abstractly and 

quantitatively. (MS-PS1-5) (MS-ETS1-3) 

MP.2 

● Model with mathematics. (MS-PS1-5) 

MP.4 
● Expressions and Equations (MS-ETS1-3) 

8.EE 

New Jersey Student Learning Standards 

Technology 
(Additional standards should be applied, as needed, to enrich instruction and foster student 

achievement.) 

Indicator 

Investigate a malfunction in any part of a system and identify its impacts. 8.2.8.A.3 

Redesign an existing product that impacts the environment to lessen its impact(s) on 

the environment. 

8.2.8.A.4 

Analyze the historical impact of waste and demonstrate how a product is upcycled, 

reused or remanufactured into a new product. 

8.2.8.B.7 

Explain how different teams/groups can contribute to the overall design of a product. 8.2.8.C.1 

Explain the need for optimization in a design process.  8.2.8.C.2 

Identify the steps in the design process that would be used to solve a designated 

problem. 

8.2.8.C.4 

Create a technical sketch of a product with materials and measurements labeled. 8.2.8.C.5.a 

Collaborate to examine a malfunctioning system and identify the step-by-step process 

used to troubleshoot, evaluate and test options to repair the product, presenting the 

better solution. 

8.2.8.C.6 

Collaborate with peers and experts in the field to research and develop a product using 

the design process, data analysis and trends, and maintain a design log with annotated 

sketches to record the developmental cycle. 

8.2.8.C.7 

Develop a proposal for a chosen solution that include models (physical, graphical or 

mathematical) to communicate the solution to peers. 

8.2.8.C.8 

Design and create a product that addresses a real world problem using a design process 

under specific constraints. 

8.2.8.D.1 

Identify the design constraints and trade-offs involved in designing a prototype (e.g., 

how the prototype might fail and how it might be improved) by completing a design 

8.2.8.D.2 
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problem and reporting results in a multimedia presentation, design portfolio or 

engineering notebook. 

Build a prototype that meets a STEM-based design challenge using science, 

engineering, and math principles that validate a solution. 

8.2.8.D.3 

Research and publish the steps for using and maintaining a product or system and 

incorporate diagrams or images throughout to enhance user comprehension. 

8.2.8.D.4 

New Jersey Student Learning Standards 

21st Century Life and Career Skills 
(Additional standards should be applied, as needed, to enrich instruction and foster student 

achievement.) 

Indicator 

Relate how career choices, education choices, skills, entrepreneurship, and economic 

conditions affect income. 

9.1.8.A.2 

Differentiate among ways that workers can improve earning power through the 

acquisition of new knowledge and skills. 

9.1.8.A.3 

Compare and contrast product facts versus advertising claims. 9.1.8.E.3 

Prioritize personal wants and needs when making purchases 9.1.8.E.4 

Compare the value of goods or services from different sellers when purchasing large 

quantities and small quantities. 

9.1.8.E.6 

Explain why it is important to develop plans for protecting current and future personal 

assets against loss. 

9.1.8.G.1 

Evaluate communication, collaboration, and leadership skills that can be developed 

through school, home, work, and extracurricular activities for use in a career. 

9.2.8.B.3 

Career Ready Practices Indicator 

Apply appropriate academic and technical skills. CRP2 

Communicate clearly and effectively and with reason. CRP4 

Consider the environmental, social and economic impacts of decisions. CRP5 

Demonstrate creativity and innovation. CRP6 

Employ valid and reliable research strategies. CRP7 

Utilize critical thinking to make sense of problems and persevere in solving them. CRP8 

Use technology to enhance productivity. CRP11 

Work productively in teams while using cultural global competence. CRP12 

Key Vocabulary Words 

Thermal energy, kinetic molecular theory, conduction, convection, radiation, thermal equilibrium, kelvin, 

specific heat, calorimeter, thermodynamics, melting point, boiling point, Law of Conservation of Matter, 

reactants, products, coefficients, subscripts, chemical equations, concentration 

Evidence of Learning 

Additional Suggested Assessments: 

● Classroom discussion 
● Inquiry-based investigations and projects 
● Participation in general classroom assignments 
● Performance tasks 
● Scientific reading, writing, and mathematics analysis 
● Teacher observations 

● Tests/quizzes 
 

Part A: What happens to the atoms when I bake a cake? 



● Use physical models or drawings, including digital forms, to represent atoms in a chemical process.  
● Use mathematical descriptions to show that the number of atoms before and after a chemical process 

is the same. 
 

Part B: How can a device be designed, constructed, tested, and modified that either releases or absorbs 

thermal energy by chemical processes? 

● Undertake a design project, engaging in the design cycle, to construct, test, and modify a device that 

either releases or absorbs thermal energy by chemical processes. 
● Specific criteria are limited to amount, time, and temperature of a substance. 
● Analyze and interpret data for the amount, time, and temperature of a substance in testing a device that 

either releases or absorbs thermal energy by chemical processes to determine similarities and 

differences in findings. 
● Develop a model to generate data for testing a device that either releases or absorbs thermal energy by 

chemical processes, including those representing inputs and outputs of thermal energy. 
● Track the transfer of thermal energy as energy flows through a designed system that either releases or 

absorbs thermal energy by chemical processes. 

Misconceptions: 

Students may think everything that exists is matter, including heat, light, and electricity.  Alternatively, 

they may believe that matter does not include liquids and gases or they are weightless materials. With 

specially designed instruction, some middle school students can learn the scientific notion of matter.  

Students are deeply committed to a theory of continuous matter.  Although some students may think that 

substances can be divided up into small particles, they do not recognize the particles as building blocks, 

but as formed as basically continuous substances under certain conditions.  

Students at beginning of middle school may be at different points in their conceptualization of a "theory" 

of matter. Although some 5th graders may start seeing weight as a fundamental property of all matter, 

many students in 6th and 7th grade still appear to think of weight simply as "felt weight" -- something 

whose weight they can't feel is considered to have no weight at all. Accordingly, some students believe 

that if one keeps dividing a piece of Styrofoam, one would soon obtain a piece that weighed nothing. 

Students of all ages show a wide range of beliefs about the nature and behavior of particles. They lack an 

appreciation of the very small size of particles; attribute macroscopic properties to particles; believe 

there must be something in the space between particles; have difficulty in appreciating the intrinsic 

motion of particles in solids, liquids and gases; and have problems in conceptualizing forces between 

particles.  Despite these difficulties, there is some evidence that carefully designed instruction carried out 

over a long period of time may help middle-school students develop correct ideas about particles (NSDL, 

2015). 

 

Learning Activities: 

MS-PS1-5. Develop and use a model to describe how the total number of atoms does not change in a 

chemical reaction and thus mass is conserved. 

 

Engage (Anticipatory Set): 

● What is a Chemical Reaction: Candle Demonstration: The teacher will use a small candle flame to 

demonstrate a chemical reaction between the candle wax and oxygen in the air. 
http://www.middleschoolchemistry.com/lessonplans/chapter6/lesson1 

http://nsdl.oercommons.org/courses/nsdl-science-literacy-maps/view
http://nsdl.oercommons.org/courses/nsdl-science-literacy-maps/view
http://www.middleschoolchemistry.com/lessonplans/chapter6/lesson1


(Complete numbers 1-4) 

 

Exploration (Student Inquiry):  

● Have students view the following video: The Law of Conservation of Mass 
https://www.youtube.com/watch?v=2S6e11NBwiw 

● What is a Chemical Reaction? 
http://www.middleschoolchemistry.com/lessonplans/chapter6/lesson1 

Students will see a molecular animation of the combustion of methane and oxygen as a model of a 

similar reaction. Students will use atom model cut-outs to model the reaction and see that all the 

atoms in the reactants show up in the products. 

Students will be able to explain that for a chemical reaction to take place, the bonds between atoms 

in the reactants are broken, the atoms rearrange, and new bonds between the atoms are formed to 

make the products. Students will also be able to explain that in a chemical reaction, no atoms are 

created or destroyed. 

  

Explanation (Concepts and Practices):  In these lessons, teachers should introduce formal labels, 

definitions, and explanations for concepts, practices, skills, or abilities.  Students should verbalize 

conceptual understandings and demonstration scientific and engineering practices. 

Topics to be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas 

● PS1.B: Chemical Reactions: 
Substances react chemically in characteristic ways. In a chemical process, the atoms that make up 

the original substances are regrouped into different molecules, and these new substances have 

different properties from those of the reactants. 

The total number of each type of atom is conserved, and thus the mass does not change. 

  

Elaboration (Extension Activity):    

● Have students create computer-generated models of both experiments using Google slides or 

another similar application in order to depict how the total number of atoms does not change in a 

chemical reaction. Labels should be written with details and include the following vocabulary 

terms: chemical and physical change, reactants, reaction, and law of conservation of mass. 
 

Evaluation (Assessment Tasks):   

● Assessment Task A: Students will create a model using atom model cut-outs. Teachers should 

assess the completion of the Student Activity Sheet. 
 

MS-PS1-6. Undertake a design project to construct, test, and modify a device that either releases or 

absorbs thermal energy by chemical processes. 

 

Engage (Anticipatory Set): 

● Chemical Reactions and Engineering Design 
http://www.middleschoolchemistry.com/lessonplans/chapter6/lesson11 

Using the Student Activity Sheet, take students through the Design the Problem section of the 

activity. 

In the story, the eggs need to be moved while they are protected and kept at a specific temperature 

range. Students observe heat packs that use different chemical processes as possible heat sources 

for their device. As a class, students identify the features the device should have to be successful 

https://www.youtube.com/watch?v=2S6e11NBwiw
http://www.middleschoolchemistry.com/lessonplans/chapter6/lesson1
http://www.nap.edu/openbook.php?record_id=13165&page=109
http://www.nap.edu/openbook.php?record_id=13165&page=109
http://www.nap.edu/openbook.php?record_id=13165&page=109
http://www.nap.edu/openbook.php?record_id=13165&page=109
http://www.middleschoolchemistry.com/lessonplans/chapter6/lesson11


(criteria) as well as the factors that might limit or impede the development of a successful design 

(constraints). 

 

Exploration (Student Inquiry):  

● Chemical Reactions and Engineering Design 
http://www.middleschoolchemistry.com/lessonplans/chapter6/lesson11 

Students will design, test, modify, and optimize a device that uses a chemical reaction to reach a 

specific temperature range for a portable reptile egg incubator. 

Note: Students will not be expected to build every element of the heat pack such as incorporating a 

pouch of water into the pack. Their main goal is to achieve the target temperature range and to 

design, on paper, the final device. 

  

Explanation (Concepts and Practices):  In these lessons, teachers should introduce formal labels, 

definitions, and explanations for concepts, practices, skills, or abilities.  Students should verbalize 

conceptual understandings and demonstration scientific and engineering practices. 

Topics to be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas 

● PS1.B: Chemical Reactions 
Some chemical reactions release energy, others store energy. 

● ETS1.B: Developing Possible Solutions 
A solution needs to be tested, and then modified on the basis of the test results, in order to improve 

it. (secondary) 

● ETS1.C Optimizing the Design Solution 
Although one design may not perform the best across all tests, identifying the characteristics of the 

design that performed the best in each test can provide useful information for the redesign process 

- that is, some of the characteristics may be incorporated into the new design. (secondary) 

The iterative process of testing the most promising solutions and modifying what is proposed on 

the basis of the test results leads to greater refinement and ultimately to an optimal solution. 

(secondary) 

  

Elaboration (Extension Activity):    

● Better Lessons: MS-PS1-6 
http://betterlesson.com/next_gen_science/browse/2197/ngss-ms-ps1-6-undertake-a-design-project-

to-construct-test-and-modify-a-device-that-either-releases-or-absorbs-thermal-energy-

by/browse/2197/ngss-ms-ps1-6-undertake-a-design-project-to-construct-test-and-modify-a-device-

that-either-releases-or-absorbs-thermal-energy-by 

 

Evaluation (Assessment Tasks):   

● Assessment Task A: Students will complete the Reptile Egg Identification Chart.  After 

determining the target temperature range, students use water and different amounts of calcium 

chloride and baking soda to achieve the right temperature and produce enough gas to support the 

egg and cushion against impact. 
● Assessment Task B:  Students will design, test, modify, and optimize a device that uses a chemical 

reaction to reach a specific temperature range for a portable reptile egg incubator.  Note: Students 

will not be expected to build every element of the heat pack such as incorporating a pouch of water 

into the pack. Their main goal is to achieve the target temperature range and to design, on paper, 

the final device. 

http://www.middleschoolchemistry.com/lessonplans/chapter6/lesson11
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Additional Lesson Ideas: 

● Middle School Chemistry, Chapter 4: Periodic Table and Bonding  
● Middle School Chemistry, Chapter 5: The Water Molecule and Dissolving 

● Middle School Chemistry, Chapter 6: Chemical Change:  
● Gumdrop Models: Students will design a model to explain the structure of an atom.  This activity 

will allow for fast pacing for the gifted and talented students. Students will be given Data Cards to 

develop and modify models of molecules.  Content will be differentiated Data Cards will begin 

with the construction of an atom.  As students finish construction, they will draw the 

atom/molecule as a summative assessment.   

Instructional Materials: 

● Smartboard 
● Laptop cart 

Teacher Resources: 

Students begin by gaining understanding that substances react chemically in very characteristic ways. To 

develop this understanding, students will follow precisely a multistep procedure when carrying out 

experiments that involve chemical reactions that release energy and chemical reactions that absorb energy. 

As part of their data analysis, students will integrate quantitative information about atoms before and after 

the chemical reaction. The analysis will include translating written information into information that is 

expressed in a physical model or drawing or in digital forms. Reasoning both quantitatively and abstractly 

to communicate their understanding of these reactions, students will model the law of conservation of 

matter. 

They will use ratio and rate to demonstrate that the total number of atoms involved in the chemical 

reactions does not change and therefore mass is conserved. Within this unit, students will develop a model 

of the reactions they observe to describe how the total number of atoms does not change in a chemical 

reaction. Examples of models could include physical models, drawings, or digital forms that represent 

atoms. Student models ideally should have the ability to be manipulated to represent the rearrangement of 

reactants to products as a way to demonstrate that matter is conserved during chemical processes. Students 

will show how their model provides evidence that the law of conservation of matter is a mathematical 

description of what happens in nature. 

In prior units of study, students have learned about the behavior of particles of matter during a change of 

state and about characteristic chemical and physical properties of matter. This unit will leverage that prior 

learning by having students undertake a design project to construct, test, and modify a device that either 

releases or absorbs thermal energy by chemical processes. For example, students could design a device 

that releases heat in a way similar to how heat is released when powdered laundry detergent is mixed with 

water to form a paste. Students will need to be able to track energy transfer as heat energy is either 

released to the environment or absorbed from the environment. Students could also design a device that 

absorbs and stores heat from the environment. 

The design problem has already been identified; therefore, the emphasis is on designing the device, 

controlling the transfer of energy to the environment, and modifying the device according to factors such 

as type and concentration of substance. The criteria for a successful design have not been determined; 

therefore, teachers will need to work with students to determine criteria for a successful design. Before 

attempting to determine criteria, students will conduct a short research project to familiarize themselves 

with scientific information they can use when designing the device. Students must draw on several 

http://www.middleschoolchemistry.com/lessonplans/chapter4
http://www.middleschoolchemistry.com/lessonplans/chapter4
http://www.middleschoolchemistry.com/lessonplans/chapter5
http://www.middleschoolchemistry.com/lessonplans/chapter5
http://www.middleschoolchemistry.com/lessonplans/chapter6
http://www.middleschoolchemistry.com/lessonplans/chapter6


sources and generate additional focused questions that allow for further avenues of exploration. 

After completing their research, students will compare and contrast the information gained from 

experiments, simulations, videos, or multimedia sources with that gained from their reading about the 

design of the device. Students, with the support of the teacher, will then write design criteria.  

Students are now at a point where they can begin the design process. Prior to construction, students should 

develop a probability model and use it as part of the process for testing their device. They will use the 

probability model to determine which designs have the greatest probability of success. 

It is important that students use mathematics appropriately when analyzing their test results. They must 

apply properties of operations to calculate numerical data with numbers in any form, convert between 

forms as appropriate, and assess the reasonableness of answers using mental computations and estimation 

strategies. 

 

Students will collect and analyze these numerical data to determine similarities and differences among 

several design solutions to identify the best characteristics of each that can be combined into a new 

solution to better meet the criteria for success. 

 

● Classroom Libraries 
● BrainPOP.com 
● Lab-aids 
● Mysteryscience.com 
● Bozeman Science: 

o PS1B: Chemical Reactions 
o ETS1B: Developing Possible Solutions 
o ETS1C: Optimizing Design Solutions 

● Balancing Equations: Good website: 
o http://education.jlab.org/elementbalancing/  
o https://phet.colorado.edu/sims/html/balancing-chemical-equations/latest/balancing-chemical-

equations_en.htm 
o https://www.youtube.com/watch?v=oDVswHfZJzY 
o https://www.youtube.com/watch?v=8ARlABEfPhQ 

● Bill Nye discoveries in Chemistry 
● Conservation of Matter: 

o  Ted Ed: https://www.youtube.com/watch?v=2S6e11NBwiw 
o Conservation of Matter: Heavy Cream: https://www.youtube.com/watch?v=uZlh89iL4jI 
o Conservation of Mass: NaSO4 + CaCl2 → NaCl (soluble in water) + CaSO4 (precipitate): 

https://www.youtube.com/watch?v=Wwmsy4huZQ0 

● Balancing Equations:  
o http://education.jlab.org/elementbalancing/ 
o https://phet.colorado.edu/sims/html/balancing-chemical-equations/latest/balancing-chemical-

equations_en.htm 
o https://www.youtube.com/watch?v=oDVswHfZJzY 
o https://www.youtube.com/watch?v=8ARlABEfPhQ 

● Lesson Exemplars  
● NSTA Classroom Resources 
● NASA resources: https://www.jpl.nasa.gov/edu/teach/ 

http://www.bozemanscience.com/ngs-ps1b-chemical-reactions
http://www.bozemanscience.com/ngs-ets1b-developing-possible-solutions
http://www.bozemanscience.com/ngs-ets1c-optimizing-the-design-solutions
http://education.jlab.org/elementbalancing/
https://phet.colorado.edu/sims/html/balancing-chemical-equations/latest/balancing-chemical-equations_en.html
https://phet.colorado.edu/sims/html/balancing-chemical-equations/latest/balancing-chemical-equations_en.html
https://www.youtube.com/watch?v=oDVswHfZJzY
https://www.youtube.com/watch?v=8ARlABEfPhQ
https://www.youtube.com/watch?v=2S6e11NBwiw
https://www.youtube.com/watch?v=uZlh89iL4jI
https://www.youtube.com/watch?v=Wwmsy4huZQ0
http://education.jlab.org/elementbalancing/
https://phet.colorado.edu/sims/html/balancing-chemical-equations/latest/balancing-chemical-equations_en.html
https://phet.colorado.edu/sims/html/balancing-chemical-equations/latest/balancing-chemical-equations_en.html
https://www.youtube.com/watch?v=oDVswHfZJzY
https://www.youtube.com/watch?v=8ARlABEfPhQ
https://www.nextgenscience.org/resources/examples-quality-ngss-design
http://ngss.nsta.org/Classroom-Resources.aspx
https://www.jpl.nasa.gov/edu/teach/


● Novel-based engineering tasks: http://www.novelengineering.org/library/ 
● Learning Activities: https://njctl.org/courses/science/ 
● STEM Teaching Tools: http://stemteachingtools.org/tools   
● NASA Units and Lessons: 

https://www.nasa.gov/offices/education/programs/national/summer/education_resources/lifescience_grades4-

6/index.html 

● Lesson Ideas: http://www.middleschoolchemistry.com/lessonplans/   

Modifications & Accommodations: 

*Please note that the following modifications and accommodations vary from unit to unit, and may be 

implemented for any student who would benefit 

Gifted and Talented 
(content, process, product, and learning environment) 

Extension Activities: 

● Conduct research and provide presentation of cultural 

topics  
● Design surveys to generate and analyze data to be 

used in discussion. 

Debate topics of interest/cultural importance. 

● Authentic listening and reading sources that provide 

data and support for speaking and writing prompts 
● Exploration of art and/or artists to understand society 

and history 
● Implement RAFT (role, audience, format, topic) 

activities as they pertain to the types/modes of 

communication 

● Anchor activities 
● Use of higher-level questioning techniques 
● Provide assessments at a higher-level  of thinking 

English Language Learners 

Modifications: 

● Modified assignments 
● Native language translation (peer, online 

assistive technology, translation device, 

bilingual dictionary) 
● Extended time for assignment completion 

as needed 
● Highlight key vocabulary 
● Use graphic organizers 

Students with Disabilities 
(appropriate accommodations, instructional adaptation, 

and/or modifications as determined by the IEP or 504 team) 

Modifications for Classroom: 

● Pair visual prompts with verbal presentations 

● Ask students to restate information, directions, and 

assignments 
● Repetition and practice 
● Model skills/techniques to be mastered 
● Extended time to complete class work 
● Provide copy of class notes 
● Preferential seating to be mutually determined by the 

student and teacher 
● Student may request to use a computer to complete 

assignments 
● Establish expectations for correct spelling on 

assignments 

Students at Risk of School Failure 

Modifications for Classroom: 

● Pair visual prompts with verbal 

presentations 

● Ask students to restate information, 

directions, and assignments 
● Repetition and practice 
● Model skills/techniques to be mastered 
● Extended time to complete class work 
● Provide a copy of class notes 
● Preferential seating to be mutually 

determined by the student and teacher 
● Student may request to use a computer to 

complete assignments 
● Establish expectations for correct spelling 

on assignments 
● Extra textbooks for home 

http://www.novelengineering.org/library/
https://njctl.org/courses/science/
http://stemteachingtools.org/tools
https://www.nasa.gov/offices/education/programs/national/summer/education_resources/lifescience_grades4-6/index.html
https://www.nasa.gov/offices/education/programs/national/summer/education_resources/lifescience_grades4-6/index.html
http://www.middleschoolchemistry.com/lessonplans/


● Extra textbooks for home 
● Student may request books on tape/CD/digital media, 

as available and appropriate 
● Assign a peer helper in the class setting 
● Provide oral reminders and check student work during 

independent work time 
● Assist student with long and short term planning of 

assignments 
● Encourage student to proofread assignments and tests 
● Provide regular parent/school communication 
● Teachers will check/sign student agenda daily 
● Student requires use of other assistive technology 

device 
 

Homework and Assignments: 

● Extended time to complete assignments 
● Student requires more complex assignments to be 

broken up and explained in smaller units, with work 

to be submitted in phases. 

● Provide the student with clearly stated (written) 

expectations and grading criteria for assignments. 
● Implement RAFT (role, audience, format, topic) 

activities as they pertain to the types/modes of 

communication 
● Continue to develop phrasing and fluency while 

reading aloud, as needed 

● Encourage silent reading for short periods of time  

● Use close reading strategies 

● Continue to provide access to various genres  

● Make available high interest, low readability texts for 

use during independent reading  

● Use citing the text strategy to develop oral and written 

summarization skills 

● Continue using marking the text strategy 

● Write short essays using various supporting strategies 

such as marking the text, graphic organizers, citing 

text, and teacher-prompts 

● Write routinely and engage in peer editing with 

teacher guidance 

 

Modifications for Assessments: 

● Extended time on classroom tests and quizzes 
● Student may take/complete tests in an alternate setting 

as needed 
● Restate, reread, and clarify directions/questions 

● Student may request books on 

tape/CD/digital media, as available and 

appropriate 
● Assign a peer helper in the class setting 

● Provide oral reminders and check student 

work during independent work time 
● Assist student with long and short term 

planning of assignments 
● Encourage student to proofread 

assignments and tests 
● Provide regular parent/school 

communication 

● Teachers will check/sign student agenda 

daily 
● Student requires use of other assistive 

technology device 
 

Modifications for Homework and 

Assignments: 

● Extended time to complete assignments 
● Student requires more complex 

assignments to be broken up and 

explained in smaller units, with work to 

be submitted in phases. 

● Provide the student with clearly stated 

(written) expectations and grading criteria 

for assignments. 
● Implement RAFT (role, audience, format, 

topic) activities as they pertain to the 

types/modes of communication 
 

Modifications for Assessments: 

● Extended time on classroom tests and 

quizzes 
● Student may take/complete tests in an 

alternate setting as needed 

● Restate, reread, and clarify 

directions/questions 
● Distribute study guide for classroom tests 
● Establish procedures for 

accommodations/modifications for 

assessments 
 



● Distribute study guide for classroom tests 
● Establish procedures for 

accommodations/modifications for assessments 

 

  



Benway School 

 Unit 5 

Content Area: Science 

Unit Title:  Relationships Among Forms of Energy 

Grade Level: 8 

Unit Overview:   In this unit, students use the practices of analyzing and interpreting data, developing 

and using models, and engaging in argument from evidence to make sense of relationship between energy 

and forces. Students develop their understanding of important qualitative ideas about the conservation of 

energy. Students understand that objects that are moving have kinetic energy and that objects may also 

contain stored (potential) energy, depending on their relative positions. Students also understand the 

difference between energy and temperature, and the relationship between forces and energy. The 

crosscutting concepts of scale, proportion, and quantity, systems and system models, and energy and 

matter are called out as organizing concepts for these disciplinary core ideas. Students use the practices 

of analyzing and interpreting data, developing and using models, and engaging in argument from 

evidence. Students are also expected to use these practices to demonstrate understanding of the core ideas. 

Essential Question: 

● How can physics explain sports? 

Recommended Pacing:  20 days (March-April) 

Student Learning Objectives/Performance Expectations NJSLS 

Construct and interpret graphical displays of data to describe the relationships 

of kinetic energy to the mass of an object and to the speed of an object. 

[Clarification Statement: Emphasis is on descriptive relationships between 

kinetic energy and mass separately from kinetic energy and speed. Examples 

could include riding a bicycle at different speeds, rolling different sizes of rocks 

downhill, and getting hit by a wiffle ball versus a tennis ball.] 

MS-PS3-1 

Develop a model to describe that when the arrangement of objects interacting at 

a distance changes, different amounts of potential energy are stored in the 

system. [Clarification Statement: Emphasis is on relative amounts of potential 

energy, not on calculations of potential energy. Examples of objects within 

systems interacting at varying distances could include: the Earth and either a 

roller coaster cart at varying positions on a hill or objects at varying heights on 

shelves, changing the direction/orientation of a magnet, and a balloon with 

static electrical charge being brought closer to a classmate’s hair. Examples of 

models could include representations, diagrams, pictures, and written 

descriptions of systems.] [Assessment Boundary: Assessment is limited to two 

objects and electric, magnetic, and gravitational interactions.] 

MS-PS3-2 

Construct, use, and present arguments to support the claim that when the kinetic 

energy of an object changes, energy is transferred to or from the object. 

[Clarification Statement: Examples of empirical evidence used in arguments 

could include an inventory or other representation of the energy before and after 

the transfer in the form of temperature changes or motion of object.] 

[Assessment Boundary: Assessment does not include calculations of energy.] 

MS-PS3-5 

New Jersey Student Learning Standards/Disciplinary Core Ideas 

PS3.A: Definitions of Energy 



● Motion energy is properly called kinetic energy; it is proportional to the mass of the moving object 

and grows with the square of its speed. (MS-PS3-1) 
● A system of objects may also contain stored (potential) energy, depending on their relative positions. 

(MS-PS3-2) 

PS3.B: Conservation of Energy and Energy Transfer 

● When the motion energy of an object changes, there is inevitably some other change in energy at the 

same time. (MS-PS3-5) 

PS3.C: Relationship Between Energy and Forces 

● When two objects interact, each one exerts a force on the other that can cause energy to be transferred 

to or from the object. (MS-PS3-2) 

Science and Engineering Practices Crosscutting Concepts 

Analyzing and Interpreting Data 

● Construct and interpret graphical displays of data to 

identify linear and nonlinear relationships. (MS-PS3-

1) 
Engaging in Argument from Evidence 

● Construct, use, and present oral and written 

arguments supported by empirical evidence and 

scientific reasoning to support or refute an 

explanation or a model for a phenomenon. (MS-PS3-5 
Developing and Using Models  

● Develop a model to describe unobservable 

mechanisms. (MS-PS3-2) 
Scientific Knowledge is Based on Empirical Evidence 

● Science knowledge is based upon logical and 

conceptual connections between evidence and 

explanations (MS-PS3-5) 

Energy and Matter 

● Energy may take different forms (e.g. 

energy in fields, thermal energy, energy 

of motion). (MS-PS3- 5) 
Scale, Proportion, and Quantity 

● Proportional relationships (e.g. speed as 

the ratio of distance traveled to time 

taken) among different types of quantities 

provide information about the magnitude 

of properties and processes. (MS-PS3-1) 
Systems and System Models 

● Models can be used to represent systems 

and their interactions – such as inputs, 

processes, and outputs – and energy and 

matter flows within systems. (MS-PS3-2) 

Interdisciplinary Connections 

English Language Arts/Literacy 

Cite specific textual evidence to support analysis of science and technical texts that describe the 

relationships of kinetic energy to the mass of an object and to the speed of an object, attending to the 

precise details of explanations or descriptions. 

Integrate quantitative or technical information that describes the relationship of kinetic energy to the mass 

of an object and to the speed of object that is expressed in words with a version of that information 

expressed visually in a flowchart, diagram, model, graph, or table. 

Integrate multimedia and visual displays into presentations that describe that when the arrangement of 

objects interacting at a distance changes, different amounts of potential energy are stored in the system to 

clarify information, strengthen claims and evidence, and add interest. 

Cite specific textual evidence to support analysis of science and technical texts to support the claim that 

when the kinetic energy of an object changes, energy is transferred to or from the object, attending to the 

precise details of explanations or descriptions. 

 



Write arguments to support the claim that when the kinetic energy of an object changes, energy is 

transferred to or from the object. 

Mathematics 

Reason abstractly and quantitatively by interpreting numerical, graphical displays of data to describe the 

relationships of kinetic energy to the mass of an object and to the speed of an object. 

Describe a ratio relationship between kinetic energy and mass separately from kinetic energy and speed. 

Understand the concept of a unit rate a/b associated with a ratio a:b with 

b≠, and use rate language in the context of a ratio relationship between 

kinetic energy and mass separately from kinetic energy and speed. 

Recognize and represent proportional relationships between kinetic energy and mass separately from 

kinetic energy and speed. 

Know and apply the properties of integer exponents to generate equivalent numerical expressions when 

describing the relationships between kinetic energy and mass separately from kinetic energy and speed. 

When constructing and interpreting graphical displays of data to describe the relationships of kinetic 

energy to the mass of an object and to the speed of an object, use square root and cube root symbols to 

represent solutions to equations of the form x2=p and x3=p, where p is a positive rational 

number. Evaluate square roots of small perfect squares and cube roots of 

small perfect cubes. Know that √2 is irrational. 

When constructing and interpreting graphical displays of data to describe the relationships of kinetic 

energy to the mass of an object and to the speed of an object, interpret the equation y = mx + b as defining 

a linear function whose graph is a straight line; give examples of functions that are not linear. 

Reason abstractly and quantitatively when analyzing data to support the claim that when the kinetic 

energy of an object changes, energy is transferred to or from the object. 

Understand the concept of ratio and use ratio language to describe the ratio relationships between the 

change in the kinetic energy of an object and the energy transferred to or from the object. 

Recognize and represent proportional relationships between the change in the kinetic energy of an object 

and the energy transferred to or from the object. 

Interpret the equation y = mx + b as defining a linear function whose graph is a straight line; give 

examples of functions that are not linear when describing the change in the kinetic energy of an object and 

the energy transferred to or from the object. 

English Language Arts Mathematics 

● Cite specific textual evidence to support analysis of 

science and technical texts, attending to the precise 

details of explanations or descriptions. (MS-PS3-

1),(MS-PS3-5) RST.6-8.1 
● Analyze the structure an author uses to organize a 

text, including how the major sections contribute to 

the whole and to an understanding of the topic. 

RST.6-8.5 

Reason abstractly and quantitatively. (MS-

PS3-1),( MS-PS3-5) MP.2 

Know and apply the properties of integer 

exponents to generate equivalent numerical 

expressions. (MS-PS3-1) 8.EE.A.1 

Use square root and cube root symbols to 

represent solutions to equations of the form x2 

http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8/5/
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Content/8/EE
http://www.corestandards.org/Math/Content/8/EE
http://www.corestandards.org/Math/Content/8/EE
http://www.corestandards.org/Math/Content/8/EE
http://www.corestandards.org/Math/Content/8/EE
http://www.corestandards.org/Math/Content/8/EE
http://www.corestandards.org/Math/Content/8/EE
http://www.corestandards.org/Math/Content/8/EE


● Integrate quantitative or technical information 

expressed in words in a text with a version of that 

information expressed visually (e.g., in a flowchart, 

diagram, model, graph, or table). (MS-PS3-1) RST.6-

8.7 
● Write arguments focused on discipline content. (MS-

PS3-5) WHST.6-8.1 
● Conduct short research projects to answer a question 

(including a self-generated question), drawing on 

several sources and generating additional related, 

focused questions that allow for multiple avenues of 

exploration. (MS-PS3-3) WHST.6-8.7 
● Integrate multimedia and visual displays into 

presentations to clarify information, strengthen claims 

and evidence, and add interest. (MS-PS3-2) SL.8.5 

= p and x3 = p, where p is a positive rational 

number. Evaluate square roots of small 

perfect squares and cube roots of small 

perfect cubes. Know that √2 is 

irrational. (MS-PS3-1) 8.EE.A.2 

Interpret the equation y = mx + b as defining 

a linear function, whose graph is a straight 

line; give examples of functions that are not 

linear. (MS-PS3-1),(MS-PS3-5) 8.F.A.3 

New Jersey Student Learning Standards 

Technology 
(Additional standards should be applied, as needed, to enrich instruction and foster student 

achievement.) 

Indicator 

Investigate a malfunction in any part of a system and identify its impacts. 8.2.8.A.3 

Redesign an existing product that impacts the environment to lessen its impact(s) on 

the environment. 

8.2.8.A.4 

Identify the desired and undesired consequences from the use of a product or system. 8.2.8.B.2 

Research and analyze the ethical issues of a product or system on the environment and 

report findings for review by peers and /or experts. 

8.2.8.B.3 

Identify new technologies resulting from the demands, values, and interests of 

individuals, businesses, industries and societies. 

8.2.8.B.5 

Analyze the historical impact of waste and demonstrate how a product is upcycled, 

reused or remanufactured into a new product. 

8.2.8.B.7 

Explain how different teams/groups can contribute to the overall design of a product. 8.2.8.C.1 

Explain the need for optimization in a design process.  8.2.8.C.2 

Identify the steps in the design process that would be used to solve a designated 

problem. 

8.2.8.C.4 

Create a technical sketch of a product with materials and measurements labeled. 8.2.8.C.5.a 

Collaborate to examine a malfunctioning system and identify the step-by-step process 

used to troubleshoot, evaluate and test options to repair the product, presenting the 

better solution. 

8.2.8.C.6 

Collaborate with peers and experts in the field to research and develop a product using 

the design process, data analysis and trends, and maintain a design log with annotated 

sketches to record the developmental cycle. 

8.2.8.C.7 

Develop a proposal for a chosen solution that include models (physical, graphical or 

mathematical) to communicate the solution to peers. 

8.2.8.C.8 

Design and create a product that addresses a real world problem using a design process 

under specific constraints. 

8.2.8.D.1 

Identify the design constraints and trade-offs involved in designing a prototype (e.g., 

how the prototype might fail and how it might be improved) by completing a design 

8.2.8.D.2 

http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/WHST/6-8
http://www.corestandards.org/ELA-Literacy/WHST/6-8
http://www.corestandards.org/ELA-Literacy/WHST/6-8
http://www.corestandards.org/ELA-Literacy/WHST/6-8
http://www.corestandards.org/ELA-Literacy/WHST/6-8
http://www.corestandards.org/ELA-Literacy/WHST/6-8
http://www.corestandards.org/ELA-Literacy/WHST/6-8
http://www.corestandards.org/ELA-Literacy/WHST/6-8
http://www.corestandards.org/ELA-Literacy/SL/8
http://www.corestandards.org/ELA-Literacy/SL/8
http://www.corestandards.org/ELA-Literacy/SL/8
http://www.corestandards.org/ELA-Literacy/SL/8
http://www.corestandards.org/Math/Content/8/EE
http://www.corestandards.org/Math/Content/8/EE
http://www.corestandards.org/Math/Content/8/EE
http://www.corestandards.org/Math/Content/8/EE
http://www.corestandards.org/Math/Content/8/EE
http://www.corestandards.org/Math/Content/8/EE
http://www.corestandards.org/Math/Content/8/EE
http://www.corestandards.org/Math/Content/8/EE
http://www.corestandards.org/Math/Content/8/F
http://www.corestandards.org/Math/Content/8/F
http://www.corestandards.org/Math/Content/8/F
http://www.corestandards.org/Math/Content/8/F
http://www.corestandards.org/Math/Content/8/F


problem and reporting results in a multimedia presentation, design portfolio or 

engineering notebook. 

Build a prototype that meets a STEM-based design challenge using science, 

engineering, and math principles that validate a solution. 

8.2.8.D.3 

Research and publish the steps for using and maintaining a product or system and 

incorporate diagrams or images throughout to enhance user comprehension. 

8.2.8.D.4 

Explain the impact of resource selection and the production process in the 

development of a common or technological product or system. 

8.2.8.D.5 

Identify and explain how the resources and processes used in the production of a 

current technological product can be modified to have a more positive impact on the 

environment. 

8.2.8.D.6 

New Jersey Student Learning Standards 

21st Century Life and Career Skills 
(Additional standards should be applied, as needed, to enrich instruction and foster student 

achievement.) 

Indicator 

Relate how career choices, education choices, skills, entrepreneurship, and economic 

conditions affect income. 

9.1.8.A.2 

Differentiate among ways that workers can improve earning power through the 

acquisition of new knowledge and skills. 

9.1.8.A.3 

Compare and contrast product facts versus advertising claims. 9.1.8.E.3 

Prioritize personal wants and needs when making purchases 9.1.8.E.4 

Compare the value of goods or services from different sellers when purchasing large 

quantities and small quantities. 

9.1.8.E.6 

Explain why it is important to develop plans for protecting current and future personal 

assets against loss. 

9.1.8.G.1 

Evaluate communication, collaboration, and leadership skills that can be developed 

through school, home, work, and extracurricular activities for use in a career. 

9.2.8.B.3 

Career Ready Practices Indicator 

Apply appropriate academic and technical skills. CRP2 

Communicate clearly and effectively and with reason. CRP4 

Consider the environmental, social and economic impacts of decisions. CRP5 

Demonstrate creativity and innovation. CRP6 

Employ valid and reliable research strategies. CRP7 

Utilize critical thinking to make sense of problems and persevere in solving them. CRP8 

Use technology to enhance productivity. CRP11 

Work productively in teams while using cultural global competence. CRP12 

Key Vocabulary Words 

Kinetic energy, potential energy, electric interactions, magnetic interaction, gravitational interactions, 

empirical evidence, mass, speed 

Evidence of Learning 

Additional Suggested Assessments: 

● Classroom discussion 
● Inquiry-based investigations and projects 
● Participation in general classroom assignments 
● Performance tasks 
● Scientific reading, writing, and mathematics analysis 



● Teacher observations 
● Tests/quizzes 
 

Part A: Is it better to have an aluminum (baseball/softball) bat or a wooden bat? 

● Construct and interpret graphical displays of data to identify linear and nonlinear relationships of 

kinetic energy to the mass of an object and to the speed of an object. 
 

Part B: What would give you a better chance of winning a bowling match, using a basketball that you 

can roll really fast, or a bowling ball that you can only roll slowly? 

● Develop a model to describe what happens to the amount of potential energy stored in the system 

when the arrangement of objects interacting at a distance changes.  
● Use models to represent systems and their interactions, such as inputs, processes, and outputs, and 

energy and matter flows within systems. Models could include representations, diagrams, pictures, and 

written descriptions. 
 

Part C: Who can design the best roller coaster? 

● Construct, use, and present oral and written arguments supported by empirical evidence and scientific 

reasoning to support the claim that when the kinetic energy of an object changes, energy is transferred 

to or from the object. 
● Conduct an inventory or other representation of the energy before and after the transfer in the form of 

temperature changes or motion of an object. Do not include calculations of energy. 

Misconceptions: 

Students tend to think that energy transformations involve only one form of energy at a time. Although they 

develop some skill in identifying different forms of energy, in most cases their descriptions of energy-change 

focus only on forms which have perceivable effects. Finally, it may not be clear to students that some forms 

of energy, such as light, sound, and chemical energy, can be used to make things happen.  

The idea of energy conservation seems counterintuitive to middle- school students who hold on to the 

everyday use of the term energy.  Even after instruction, however, students do not seem to appreciate that 

energy conservation is a useful way to explain phenomena. A key difficulty students have in understanding 

conservation appears to derive from not considering the appropriate system and environment. In addition, 

middle students tend to use their conceptualizations of energy to interpret energy conservation ideas. For 

example, some students interpret the idea that "energy is not created or destroyed" to mean that energy is 

stored up in the system and can even be released again in its original form. Or, students may believe that 

no energy remains at the end of a process, but may say that "energy is not lost" because an effect was 

caused during the process (for example, a weight was lifted) (NSDL, 2015)  

 

Learning Activities: 

MS-PS3-1. Construct and interpret graphical displays of data to describe the relationships of kinetic 

energy to the mass of an object and to the speed of an object. 

 

Engage (Anticipatory Set): 

● Using the following resource, students will view videos, read articles and engage in interactive 

simulation s related to kinetic energy.  
http://www.ck12.org/ngss/middle-school-physical-sciences/energy 

 

Exploration (Student Inquiry):  

http://strandmaps.dls.ucar.edu/?id=SMS-MAP-2071
http://www.ck12.org/ngss/middle-school-physical-sciences/energy


● Kinetic and Potential Energy Lab Rotation 
In these lab activities, students will determine the relationship among the energy transferred, the 

type of matter, the mass and the change in the average kinetic energy of the particles. Students will 

construct and interpret graphical displays on their data and construct, use, and present arguments 

to support a claim. 

http://betterlesson.com/lesson/640019/exploring-the-relationship-between-potential-kinetic-energy 

Explanation (Concepts and Practices):  In these lessons, teachers should introduce formal labels, 

definitions, and explanations for concepts, practices, skills, or abilities.  Students should verbalize 

conceptual understandings and demonstration scientific and engineering practices. 

Topics to be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas 

● PS3.A: Definitions of Energy 
Motion energy is properly called kinetic energy; it is proportional to the mass of the moving object 

and grows with the square of its speed. 

  

Elaboration (Extension Activity):    

● Rubber Band Cannon Lab:  
Students use rubber band cannons to explore potential and kinetic energy transfer! 

http://betterlesson.com/lesson/633996/rubber-band-cannon-lab 

 

Evaluation (Assessment Tasks):   

● Assessment Task A: Students will construct and interpret graphical displays on their data and 

construct, use, and present arguments to support a claim. Complete Energy Skate Park Exploration 

Potential and Kinetic Energy activity guide. 
 

 

MS-PS3-2. Develop a model to describe that when the arrangement of objects interacting at a distance 

changes, different amounts of potential energy are stored in the system. 

 

Engage (Anticipatory Set): 

● Roller Coast Science: Video 
http://www.discovery.com/tv-shows/other-shows/videos/time-warp-roller-coaster-science/ 

● Roller Coaster: Engineering and Construction 
http://www.sciencechannel.com/video-topics/engineering-construction/machines-rollercoaster/ 

 

Exploration (Student Inquiry):  

● Building Roller Coasters 
Students will work in pairs/groups to create a physical roller coaster. Refer to the following 

website for detailed instructions and student worksheets. 
https://www.teachengineering.org/view_activity.php?url=collection/duk_/activities/duk_rollercoaster_music_act/duk_rollercoaster_music_act.xml 

Explanation (Concepts and Practices):  In these lessons, teachers should introduce formal labels, 

definitions, and explanations for concepts, practices, skills, or abilities.  Students should verbalize 

conceptual understandings and demonstration scientific and engineering practices. 

Topics to be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas 

● PS3.C Relationship Between Energy and Forces: 
A system of objects may also contain stored (potential) energy, depending on their relative 

positions. 

● PS3.C: Relationship Between Energy and Forces 

http://betterlesson.com/lesson/640019/exploring-the-relationship-between-potential-kinetic-energy
http://www.nap.edu/openbook.php?record_id=13165&page=120
http://www.nap.edu/openbook.php?record_id=13165&page=120
http://betterlesson.com/lesson/633996/rubber-band-cannon-lab
http://betterlesson.com/lesson/resource/3230433/energy-skate-park-exploration-potential-kinetic-energy?from=resource_title
http://betterlesson.com/lesson/resource/3230433/energy-skate-park-exploration-potential-kinetic-energy?from=resource_title
http://betterlesson.com/lesson/resource/3230433/energy-skate-park-exploration-potential-kinetic-energy?from=resource_title
http://www.discovery.com/tv-shows/other-shows/videos/time-warp-roller-coaster-science/
http://www.sciencechannel.com/video-topics/engineering-construction/machines-rollercoaster/
https://www.teachengineering.org/view_activity.php?url=collection/duk_/activities/duk_rollercoaster_music_act/duk_rollercoaster_music_act.xml
http://www.nap.edu/openbook.php?record_id=13165&page=120
http://www.nap.edu/openbook.php?record_id=13165&page=120


When two objects interact, each one exerts a force on the other that can cause energy to be 

transferred to or from the object. 

 

Elaboration (Extension Activity):    

● Hold discussion on why some roller coasters failed, show videos of X-games events involving 

energy transformations and motion. Students will be encouraged to participate in discussion about 

what they viewed and why certain X-games athletes were successful in certain tricks while others 

failed. 
 

Evaluation (Assessment Tasks):   

● Assessment Task A:  
Students will complete Roller Coaster worksheet. 

 

MS-PS3-5. Construct use, and present arguments to support the claim that when the kinetic energy of an 

object changes, energy is transferred to or from the object. 

 

Engage (Anticipatory Set): 

● Using the following resources have students view videos, read articles and engage in discussion on 

how kinetic energy changes, energy is transferred to or from objects. Go to the MS-PS3-5 section 

of the page. 
http://www.ck12.org/ngss/middle-school-physical-sciences/energy 

 

Exploration (Student Inquiry): 

● Show students videos comparing crash tests on vehicles traveling at different speeds into different 

barriers and ask students to collaborate and show how energy transfers are occurring in the video. 
Energy Transfer: Engineering Catapults 

In this activity, students will describe and model situations in which different amounts of potential 

energy are stored in a system and support the claim that when the kinetic energy of an object 

changes, that energy that has been transferred to or from the objects in the system. 

http://betterlesson.com/lesson/633997/energy-transfer-engineering-catapults 

  

Explanation (Concepts and Practices):  In these lessons, teachers should introduce formal labels, 

definitions, and explanations for concepts, practices, skills, or abilities.  Students should verbalize 

conceptual understandings and demonstration scientific and engineering practices. 

Topics to be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas 

● PS3.B Conservation of Energy and Energy Transfer 
When the motion energy of an object changes, there is inevitably some other change in energy at 

the same time. 

  

Elaboration (Extension Activity):    

● Egg Projectile Project 
http://www.ehow.com/how_8405300_do-egg-projectile-project.html 

 

Evaluation (Assessment Tasks):   

http://www.nap.edu/openbook.php?record_id=13165&page=126
http://www.nap.edu/openbook.php?record_id=13165&page=126
http://content.teachengineering.org/content/duk_/activities/duk_rollercoaster_music_act/roller_coaster_worksheet.pdf
http://www.ck12.org/ngss/middle-school-physical-sciences/energy
http://betterlesson.com/lesson/633997/energy-transfer-engineering-catapults
http://www.nap.edu/openbook.php?record_id=13165&page=124
http://www.nap.edu/openbook.php?record_id=13165&page=124
http://www.ehow.com/how_8405300_do-egg-projectile-project.html


● Assessment Task A: Students will complete Step 7 in the Energy Transfer Lab Activity. Using the 

Quick Guide to Creating a Well Developed Paragraph in Science, students will construct an 

argument supported by evidence.  

Instructional Materials: 

● Smartboard 
● Laptop cart 

Teacher Resources: 

Prior to middle school, students know that energy is present whenever there are moving objects, sound, 

light, or heat and that when objects collide, energy can be transferred from one object to another, thereby 

changing the objects’ motion. In such collisions, some energy is typically also transferred to the 

surrounding air; as a result, the air gets heated and sound is produced. Students also know that when 

objects collide, the contact forces transfer energy so as to change the objects’ motions. 

Students will need to construct graphical displays of data that describe the relationships between kinetic 

energy and mass of an object and speed of an object. These displays can be based on information from 

examples such as riding a bicycle at different speeds, rolling different sizes of rocks downhill, and getting 

hit by a whiffle ball versus a tennis ball. Through using one of these examples, students can record either 

mass or speed data to identify linear and nonlinear relationships. When constructing and interpreting 

graphical displays of data to describe the relationships of kinetic energy to the mass of an object and to the 

speed of an object, students will use square root and cube root symbols to represent solutions to equations 

of the form x2=p and x3=p, where p is a positive rational number. A simple demonstration of how 

increased speed or mass contributes to increased kinetic energy could include two objects of different 

masses (e.g., balls) rolling into a targets (e.g., plastic bowling pins, wooden blocks, etc.). From these 

examples, students will also be able to describe differences between kinetic energy and mass separately 

from kinetic energy and speed. Students will understand that an increase in speed will have a different 

effect on kinetic energy than an increase in mass. They will recognize and represent proportional 

relationships between kinetic energy and mass separately from kinetic energy and speed. Students will 

include a narrative that explains the information found in their graphical displays. 

Students investigate the potential energy stored in a variety of systems. It will be necessary for students to 

have opportunities to rearrange objects in the systems in order to determine the impact on the amount of 

potential energy stored in the system. Systems to be investigated could be balloons with static electrical 

charge being brought closer to a classmate’s hair, carts at varying positions on a hill, cars at different 

positions on hot wheels tracks, objects at varying heights on shelves (drop a book of the same mass from 

different heights onto a cup) to demonstrate changes to potential energy in a system. Students will develop 

models to describe how changing distance changes the amount of potential energy stored in the system. 

The models students use to describe any of these examples will be multimedia presentations that could 

include diagrams, pictures, and/or written descriptions of the system examined. These models will help 

students represent interactions within systems, such as inputs, processes, and outputs, and energy flows 

within the system. 

Students will now have an opportunity to use an understanding of kinetic and potential energy within a 

system to construct a claim about the relationship between the transfer of energy to or from an object and 

changes in kinetic energy. Using data from the graphical displays of data and models that students 

developed earlier in this unit of study, as well as textual evidence, students will construct, use, and present 

oral and written arguments to support claims that when kinetic energy changes, energy is transferred to or 

from the object. 

 

http://betterlesson.com/lesson/resource/3175025/quick-guide-a-well-developed-paragraph?from=resource_image
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Students can provide evidence of this energy transfer by looking at the distance an object travels when 

energy is transferred, how temperature changes when energy is transferred, or how a compass responds to 

a magnetic field at different distances. Students will conduct an inventory or other representation of the 

energy before and after the transfer in the form of temperature changes or motion of an object, but they 

are not required to include calculations of energy. However, students should interpret the equation y = mx 

+ b as defining a linear function whose graph is a straight line and be able to give examples of functions 

that are not linear when describing the change in the kinetic energy of an object and the energy transferred 

to or from the object. 

 

● Classroom Libraries 
● BrainPOP.com 
● Mysteryscience.com 
● Bozeman Science: 

o PS3A: Definitions of Energy 
o PS3B: Conservation of Energy and Energy Transfer 
o PS3C: Relationship Between Energy and Forces 

● Soccer - Kick It 
● It’s All Downhill: Forces and Sports Lesson Plan 
● Energy Skate Park: Basics 
● Energy: Different Kinds of Energy 
● Energy Game: http://nationalgeographic.org/game/national-geographic-energy/ 
● Kinetic/Potential Energy Mechanical Engineering Activity: 

https://www.teachengineering.org/lessons/view/cub_energy_lesson01 
● For building cars: 

o http://pbskids.org/designsquad/ 
o http://www.sciencebuddies.org/ 

● Paper Roller Coasters: http://paperrollercoasters.com/ 
● Creating a Cooling Device: How can potential energy be used to keep you cool? Ask students to create 

a device out of a specific list of materials that can keep you cool by using storing energy.   Prepare the 

materials for project: paper, spring, paper clip, straw, rubber band.  
● Lesson Exemplars  

● Classroom Libraries 
● BrainPOP.com 
● Mysteryscience.com 
● Bozeman Science: 

o PS3A: Definitions of Energy 
o PS3B: Conservation of Energy and Energy Transfer 
o PS3C: Relationship Between Energy and Forces 

● NASA resources: https://www.jpl.nasa.gov/edu/teach/ 

● Novel-based engineering tasks: http://www.novelengineering.org/library/ 
● Learning Activities: https://njctl.org/courses/science/ 
● STEM Teaching Tools: http://stemteachingtools.org/tools   
● NASA Units and Lessons: 

https://www.nasa.gov/offices/education/programs/national/summer/education_resources/lifescience_grades4-

6/index.html 

http://www.bozemanscience.com/ngs-ps3a-definitions-of-energy
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http://www.scilinks.org/Handlers/GoToWebsite.ashx?EntPt=EPW_POST_SCI&Enc=1&SiteID=Y1B1XMNgPJUM=&Scilink=YuNsfUqlMrJjNXKdugJbLHA==
https://phet.colorado.edu/en/simulation/energy-skate-park-basics
http://www.scilinks.org/Handlers/GoToWebsite.ashx?EntPt=EPW_POST_SCI&Enc=1&SiteID=Yo0NCnM5Mw9M=&Scilink=YeEmTdL14ZWc=
http://nationalgeographic.org/game/national-geographic-energy/
https://www.teachengineering.org/lessons/view/cub_energy_lesson01
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http://paperrollercoasters.com/
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http://www.novelengineering.org/library/
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● Lesson Ideas: http://www.middleschoolchemistry.com/lessonplans/  

Modifications & Accommodations: 

*Please note that the following modifications and accommodations vary from unit to unit, and may be 

implemented for any student who would benefit 

Gifted and Talented 
(content, process, product, and learning environment) 

Extension Activities: 

● Conduct research and provide presentation of cultural 

topics  
● Design surveys to generate and analyze data to be 

used in discussion. 

Debate topics of interest/cultural importance. 

● Authentic listening and reading sources that provide 

data and support for speaking and writing prompts 
● Exploration of art and/or artists to understand society 

and history 
● Implement RAFT (role, audience, format, topic) 

activities as they pertain to the types/modes of 

communication 

● Anchor activities 
● Use of higher-level questioning techniques 
● Provide assessments at a higher-level  of thinking 

English Language Learners 

Modifications: 

● Modified assignments 
● Native language translation (peer, online 

assistive technology, translation device, 

bilingual dictionary) 
● Extended time for assignment completion 

as needed 
● Highlight key vocabulary 
● Use graphic organizers 

Students with Disabilities 
(appropriate accommodations, instructional adaptation, 

and/or modifications as determined by the IEP or 504 team) 

Modifications for Classroom: 

● Pair visual prompts with verbal presentations 

● Ask students to restate information, directions, and 

assignments 
● Repetition and practice 
● Model skills/techniques to be mastered 
● Extended time to complete class work 
● Provide copy of class notes 
● Preferential seating to be mutually determined by the 

student and teacher 
● Student may request to use a computer to complete 

assignments 
● Establish expectations for correct spelling on 

assignments 
● Extra textbooks for home 
● Student may request books on tape/CD/digital media, 

as available and appropriate 
● Assign a peer helper in the class setting 
● Provide oral reminders and check student work during 

independent work time 

Students at Risk of School Failure 

Modifications for Classroom: 

● Pair visual prompts with verbal 

presentations 

● Ask students to restate information, 

directions, and assignments 
● Repetition and practice 
● Model skills/techniques to be mastered 
● Extended time to complete class work 
● Provide a copy of class notes 
● Preferential seating to be mutually 

determined by the student and teacher 
● Student may request to use a computer to 

complete assignments 
● Establish expectations for correct spelling 

on assignments 
● Extra textbooks for home 
● Student may request books on 

tape/CD/digital media, as available and 

appropriate 

● Assign a peer helper in the class setting 
● Provide oral reminders and check student 

work during independent work time 

http://www.middleschoolchemistry.com/lessonplans/


● Assist student with long and short term planning of 

assignments 
● Encourage student to proofread assignments and tests 
● Provide regular parent/school communication 
● Teachers will check/sign student agenda daily 

● Student requires use of other assistive technology 

device 
 

Homework and Assignments: 

● Extended time to complete assignments 
● Student requires more complex assignments to be 

broken up and explained in smaller units, with work 

to be submitted in phases. 
● Provide the student with clearly stated (written) 

expectations and grading criteria for assignments. 
● Implement RAFT (role, audience, format, topic) 

activities as they pertain to the types/modes of 

communication 

● Continue to develop phrasing and fluency while 

reading aloud, as needed 

● Encourage silent reading for short periods of time  

● Use close reading strategies 

● Continue to provide access to various genres  

● Make available high interest, low readability texts for 

use during independent reading  

● Use citing the text strategy to develop oral and written 

summarization skills 

● Continue using marking the text strategy 

● Write short essays using various supporting strategies 

such as marking the text, graphic organizers, citing 

text, and teacher-prompts 

● Write routinely and engage in peer editing with 

teacher guidance 

 

Modifications for Assessments: 

● Extended time on classroom tests and quizzes 
● Student may take/complete tests in an alternate setting 

as needed 
● Restate, reread, and clarify directions/questions 

● Distribute study guide for classroom tests 
● Establish procedures for 

accommodations/modifications for assessments 

● Assist student with long and short term 

planning of assignments 
● Encourage student to proofread 

assignments and tests 

● Provide regular parent/school 

communication 
● Teachers will check/sign student agenda 

daily 
● Student requires use of other assistive 

technology device 
 

Modifications for Homework and 

Assignments: 

● Extended time to complete assignments 
● Student requires more complex 

assignments to be broken up and 

explained in smaller units, with work to 

be submitted in phases. 
● Provide the student with clearly stated 

(written) expectations and grading criteria 

for assignments. 
● Implement RAFT (role, audience, format, 

topic) activities as they pertain to the 

types/modes of communication 
 

Modifications for Assessments: 

● Extended time on classroom tests and 

quizzes 
● Student may take/complete tests in an 

alternate setting as needed 

● Restate, reread, and clarify 

directions/questions 
● Distribute study guide for classroom tests 
● Establish procedures for 

accommodations/modifications for 

assessments 
 

 

  



Benway School 

 Unit 6 

Content Area: Science 

Unit Title:   Thermal Energy 

Grade Level: 8 

Unit Overview:  In this unit, students ask questions, plan and carry out investigations, engage in 

argument from evidence, analyze and interpret data, construct explanations, define problems and design 

solutions as they make sense of the difference between energy and temperature. They use the practices to 

make sense of how the total change of energy in any system is always equal to the total energy transferred 

into or out of the system. The crosscutting concepts of energy and matter, scale, proportion, and quantity, 

and influence of science, engineering, and technology on society and the natural world are the organizing 

concepts for these disciplinary core ideas. Students ask questions, plan and carry out 

investigations, engage in argument from evidence, analyze and interpret data, construct 

explanations, define problems and design solutions.  Students are also expected to use these practices to 

demonstrate understanding of the core ideas. 

Essential Question:  How can a standard thermometer be used to tell you how particles are behaving? 

Recommended Pacing:  30 days (April-May) 

Student Learning Objectives/Performance Expectations NJSLS 

Apply scientific principles to design, construct, and test a device that either 

minimizes or maximizes thermal energy transfer.* [Clarification Statement: 

Examples of devices could include an insulated box, a solar cooker, and a 

Styrofoam cup.] [Assessment Boundary: Assessment does not include 

calculating the total amount of thermal energy transferred.] 

MS-PS3-3 

Plan an investigation to determine the relationships among the energy 

transferred, the type of matter, the mass, and the change in the average kinetic 

energy of the particles as measured by the temperature of the sample. 

[Clarification Statement: Examples of experiments could include comparing 

final water temperatures after different masses of ice melted in the same volume 

of water with the same initial temperature, the temperature change of samples of 

different materials with the same mass as they cool or heat in the environment, 

or the same material with different masses when a specific amount of energy is 

added.] [Assessment Boundary: Assessment does not include calculating the 

total amount of thermal energy transferred.] 

MS-PS3-4 

Define the criteria and constraints of a design problem with sufficient precision 

to ensure a successful solution, taking into account relevant scientific principles 

and potential impacts on people and the natural environment that may limit 

possible solutions. 

MS-ETS1-1 

Evaluate competing design solutions using a systematic process to determine 

how well they meet the criteria and constraints of the problem. 

MS-ETS1-2 

Analyze data from tests to determine similarities and differences among several 

design solutions to identify the best characteristics of each that can be combined 

into a new solution to better meet the criteria for success. 

MS-ETS1-3 

Develop a model to generate data for iterative testing and modification of a 

proposed object, tool, or process such that an optimal design can be achieved. 

MS-ETS1-4 

New Jersey Student Learning Standards/Disciplinary Core Ideas 



PS3.A: Definitions of Energy 

● Temperature is a measure of the average kinetic energy of particles of matter. The relationship 

between the temperature and the total energy of a system depends on the types, states, and amounts of 

matter present. (MS-PS3-3, MS-PS3-4) 

PS3.B: Conservation of Energy and Energy Transfer 

● The amount of energy transfer needed to change the temperature of a matter sample by a given amount 

depends on the nature of the matter, the size of the sample, and the environment. (MS-PS3-4) 
● Energy is spontaneously transferred out of hotter regions or objects and into colder ones. (MS-PS3-3) 

ETS1.A: Defining and Delimiting Engineering Problems 

● The more precisely a design task’s criteria and constraints can be defined, the more likely it is that the 

designed solution will be successful. Specification of constraints includes consideration of scientific 

principles and other relevant knowledge that are likely to limit possible solutions. (MS-ETS1-1, 

secondary to MS-PS3-3) 
● The more precisely a design task’s criteria and constraints can be defined, the more likely it is that the 

designed solution will be successful. Specification of constraints includes consideration of scientific 

principles and other relevant knowledge that are likely to limit possible solutions. (MS-ETS1-1) 

ETS1.B: Developing Possible Solutions 

● A solution needs to be tested, and then modified on the basis of the test results, in order to improve it. 

(MS-ETS1-4)  
● There are systematic processes for evaluating solutions with respect to how well they meet the criteria 

and constraints of a problem. (MS-ETS1-2, MS-ETS1-3) 
● Sometimes parts of different solutions can be combined to create a solution that is better than any of 

its predecessors. (MS-ETS1-3) 

● A solution needs to be tested, and then modified on the basis of the test results in order to improve it. 

There are systematic processes for evaluating solutions with respect to how well they meet criteria and 

constraints of a problem. (secondary to MS-PS3-3) 
● Models of all kinds are important for testing solutions. (MS-ETS1-4) 

ETS1.C: Optimizing the Design Solution 

● Although one design may not perform the best across all tests, identifying the characteristics of the 

design that performed the best in each test can provide useful information for the redesign process—

that is, some of those characteristics may be incorporated into the new design. (MS-ETS1-3) 
● The iterative process of testing the most promising solutions and modifying what is proposed on the 

basis of the test results leads to greater refinement and ultimately to an optimal solution. (MSETS1-4) 

Science and Engineering Practices Crosscutting Concepts 

Analyzing and Interpreting Data 

● Analyze and interpret data to determine similarities 

and differences in findings. (MS-ETS1-3) 
Asking Questions and Defining Problems  

● Define a design problem that can be solved through 

the development of an object, tool, process or system 

and includes multiple criteria and constraints, 

including scientific knowledge that may limit possible 

solutions. (MS-ETS1-1) 
Constructing Explanations and Designing Solutions 

Influence of Science, Engineering, and 

Technology on Society and the Natural 

World 

● The uses of technologies and any 

limitations on their use are driven by 

individual or societal needs, desires, and 

values; by the findings of scientific 

research; and by differences in such 

factors as climate, natural resources, and 

economic conditions. Thus technology 

use varies from region to region and over 

time. (MS-ETS1-1) 



● Apply scientific ideas or principles to design, 

construct, and test a design of an object, tool, process 

or system. (MS-PS3-3) 
Developing and Using Models 

● Develop a model to generate data to test ideas about 

designed systems, including those representing inputs 

and outputs. (MS-ETS1-4) 
Engaging in Argument from Evidence 

● Evaluate competing design solutions based on jointly 

developed and agreed-upon design criteria. (MS-

ETS1-2)  
Planning and Carrying Out Investigations 

● Plan an investigation individually and collaboratively, 

and in the design: identify independent and dependent 

variables and controls, what tools are needed to do the 

gathering, how measurements will be recorded, and 

how many data are needed to support a claim. (MS-

PS3-4) 
Scientific Knowledge is Based on Empirical Evidence 

● Science knowledge is based upon logical and 

conceptual connections between evidence and 

explanations (MS-PS3-4) 

● All human activity draws on natural 

resources and has both short and long-

term consequences, positive as well as 

negative, for the health of people and the 

natural environment. (MS-ETS1-1)  
Energy and Matter 

● The transfer of energy can be tracked as 

energy flows through a designed or 

natural system. (MSPS3-3) 
Scale, Proportion, and Quantity 

● Proportional relationships (e.g. speed as 

the ratio of distance traveled to time 

taken) among different types of quantities 

provide information about the magnitude 

of properties and processes. (MS-PS3-4) 

Interdisciplinary Connections 

English Language Arts/Literacy 

• Follow precisely a multistep procedure for an investigation that has been planned individually and 

collaboratively to determine the relationships among the energy transferred, the type of matter, the 

mass, and the change in the average kinetic energy of the particles as measured by the temperature of 

the sample. 

• Conduct short research projects to determine the relationships among the energy transferred, the type 

of matter, the mass, and the change in the average kinetic energy of particles as measured by the 

temperature of the sample, drawing on several sources and generating additional related, focused 

questions that allow for multiple avenues of exploration. 

• Follow precisely a multistep process for the design, construction, and testing of a device that either 

minimizes or maximizes thermal energy transfer. 

• Conduct short research projects to apply scientific principles to design, construct, and test a device that 

either minimizes or maximizes thermal energy transfer, drawing on several sources and generating 

additional related, focused questions that allow for multiple avenue of exploration. 

• Gather relevant information to inform the design, construction, and testing of a device that either 

minimizes or maximizes thermal energy transfer using multiple print and digital sources; assess the 

credibility of each source; and quote or paraphrase the data and conclusions of others while avoiding 

plagiarism and providing basic bibliographic information for sources. 



• Draw evidence from informational texts to support analysis, reflection, and research that informs the 

design, construction, and testing of a device that either minimizes or maximizes thermal energy 

transfer. 

• Cite specific textual evidence to support analysis of science and technical texts that provide 

information about the application of scientific principles to design, construct, and test a device that 

either minimizes or maximizes thermal energy transfer. 

• Compare and contrast the information gained from experiments, simulations, or multimedia sources 

with that gained from reading text about devices that either minimize or maximize energy transfer. 

Mathematics 

• Reason abstractly and quantitatively while collecting and analyzing numerical and symbolic data as 

part of an investigation that has been planned individually and collaboratively. 

• Summarize numerical data sets in relation to the amount of energy transferred, the type of matter, the 

mass, and the change in the average kinetic energy of particles in the sample as measured by the 

temperature of the sample. 

• Reason abstractly and quantitatively while collecting and analyzing numerical and symbolic data as 

part of a systematic process for evaluating solutions with respect to how well they meet criteria and 

constraints of a problem involving the design of a device that either minimizes or maximizes thermal 

energy transfer. 

English Language Arts Mathematics 

● Cite specific textual evidence to support analysis of 

science and technical texts. (MS-PS3-5),MS-ETS1-

1),(MS-ETS1-2),(MS-ETS1-3) RST.6-8.1 

● Follow precisely a multistep procedure when carrying 

out experiments, taking measurements, or performing 

technical tasks. (MS-PS3-3),(MS-PS3-4) RST.6-8.3 
● Integrate quantitative or technical information 

expressed in words in a text with a version of that 

information expressed visually (e.g., in a flowchart, 

diagram, model, graph, or table).  (MS-PS3-3),(MS-

PS3-4),(MS-ETS1-3) RST.6-8.7 
● Compare and contrast the information gained from 

experiments, simulations, videos, or multimedia 

sources with that gained from reading a text on the 

same topic. (MS-ETS1-2),(MS-ETS1-3) RST.6-8.9 

● By the end of grade 8, read and comprehend 

science/technical texts in the grades 6-8 text 

complexity band independently and proficiently. 

RST.6-8.10 
● Conduct short research projects to answer a question 

(including a self-generated question), drawing on 

several sources and generating additional related, 

focused questions that allow for multiple avenues of 

exploration. (MS-ETS1-2) WHST.6-8.7 

● Reason abstractly and 

quantitatively. (MS-PS4-1) MP.2 
● Work with radicals and integer exponents. 

8.EE 

● Investigate patterns of association in 

bivariate data. 8.SP 
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● Gather relevant information from multiple print and 

digital sources, using search terms effectively; assess 

the credibility and accuracy of each source; and quote 

or paraphrase the data and conclusions of others while 

avoiding plagiarism and following a standard format 

for citation. (MS-ETS1-1) WHST.6-8.8 
● Draw evidence from informational texts to support 

analysis, reflection, and research. (MS-ETS1-2) 

WHST.6-8.9 

● Integrate multimedia and visual displays into 

presentations to clarify information, strengthen claims 

and evidence, and add interest. (MS-PS4-1),(MS-PS4-

2) SL.8.5 

New Jersey Student Learning Standards 

Technology 
(Additional standards should be applied, as needed, to enrich instruction and foster student 

achievement.) 

Indicator 

Investigate a malfunction in any part of a system and identify its impacts. 8.2.8.A.3 

Redesign an existing product that impacts the environment to lessen its impact(s) on 

the environment. 

8.2.8.A.4 

Evaluate the history and impact of sustainability on the development of a designed 

product or system over time and present results to peers. 

8.2.8.B.1 

Identify the desired and undesired consequences from the use of a product or system. 8.2.8.B.2 

Research and analyze the ethical issues of a product or system on the environment and 

report findings for review by peers and /or experts. 

8.2.8.B.3 

Identify new technologies resulting from the demands, values, and interests of 

individuals, businesses, industries and societies. 

8.2.8.B.5 

Analyze the historical impact of waste and demonstrate how a product is upcycled, 

reused or remanufactured into a new product. 

8.2.8.B.7 

Explain how different teams/groups can contribute to the overall design of a product. 8.2.8.C.1 

Explain the need for optimization in a design process.  8.2.8.C.2 

Identify the steps in the design process that would be used to solve a designated 

problem. 

8.2.8.C.4 

Create a technical sketch of a product with materials and measurements labeled. 8.2.8.C.5.a 

Collaborate to examine a malfunctioning system and identify the step-by-step process 

used to troubleshoot, evaluate and test options to repair the product, presenting the 

better solution. 

8.2.8.C.6 

Collaborate with peers and experts in the field to research and develop a product using 

the design process, data analysis and trends, and maintain a design log with annotated 

sketches to record the developmental cycle. 

8.2.8.C.7 

Develop a proposal for a chosen solution that include models (physical, graphical or 

mathematical) to communicate the solution to peers. 

8.2.8.C.8 

Design and create a product that addresses a real world problem using a design process 

under specific constraints. 

8.2.8.D.1 

Identify the design constraints and trade-offs involved in designing a prototype (e.g., 

how the prototype might fail and how it might be improved) by completing a design 

8.2.8.D.2 
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problem and reporting results in a multimedia presentation, design portfolio or 

engineering notebook. 

Build a prototype that meets a STEM-based design challenge using science, 

engineering, and math principles that validate a solution. 

8.2.8.D.3 

Research and publish the steps for using and maintaining a product or system and 

incorporate diagrams or images throughout to enhance user comprehension. 

8.2.8.D.4 

Explain the impact of resource selection and the production process in the 

development of a common or technological product or system. 

8.2.8.D.5 

Identify and explain how the resources and processes used in the production of a 

current technological product can be modified to have a more positive impact on the 

environment. 

8.2.8.D.6 

New Jersey Student Learning Standards 

21st Century Life and Career Skills 
(Additional standards should be applied, as needed, to enrich instruction and foster student 

achievement.) 

Indicator 

Relate how career choices, education choices, skills, entrepreneurship, and economic 

conditions affect income. 

9.1.8.A.2 

Differentiate among ways that workers can improve earning power through the 

acquisition of new knowledge and skills. 

9.1.8.A.3 

Compare and contrast product facts versus advertising claims. 9.1.8.E.3 

Prioritize personal wants and needs when making purchases 9.1.8.E.4 

Compare the value of goods or services from different sellers when purchasing large 

quantities and small quantities. 

9.1.8.E.6 

Explain why it is important to develop plans for protecting current and future personal 

assets against loss. 

9.1.8.G.1 

Evaluate communication, collaboration, and leadership skills that can be developed 

through school, home, work, and extracurricular activities for use in a career. 

9.2.8.B.3 

Career Ready Practices Indicator 

Apply appropriate academic and technical skills. CRP2 

Communicate clearly and effectively and with reason. CRP4 

Consider the environmental, social and economic impacts of decisions. CRP5 

Demonstrate creativity and innovation. CRP6 

Employ valid and reliable research strategies. CRP7 

Utilize critical thinking to make sense of problems and persevere in solving them. CRP8 

Use technology to enhance productivity. CRP11 

Work productively in teams while using cultural global competence. CRP12 

Key Vocabulary Words 

Thermal energy, energy transfer, thermal dynamics, Fahrenheit, kinetic energy, mass, potential energy, 

gravity , conduction , convection, radiation, calorimetry 

Evidence of Learning 

Additional Suggested Assessments: 

● Classroom discussion 

● Inquiry-based investigations and projects 

● Participation in general classroom assignments 

● Performance tasks 



● Scientific reading, writing, and mathematics analysis 

● Teacher observations 

● Tests/quizzes 

 

Part A: How can a standard thermometer be used to tell you how particles are behaving? 

● Individually and collaboratively plan an investigation to determine the relationships among the energy 

transferred, the type of matter, the mass, and the change in the average kinetic energy of particles as 

measured by the temperature of the sample. 

● As part of a planned investigation, identify independent and dependent variables and controls, what 

tools are needed to do the gathering, how measurements will be recorded, and how many data are 

needed to support a claim. 

● Make logical and conceptual connections between evidence and explanations. 

 

Part B: You are an engineer working for NASA. In preparation for a manned space mission to the 

Moon, you are tasked with designing, constructing, and testing a device that will keep a hot beverage 

hot for the longest period of time. It costs approximately $10,000 per pound to take payload into orbit so 

the device must be lightweight and compact. The lack of atmosphere on the Moon produces 

temperature extremes that range from -157 degrees C in the dark to +121 degrees C in the light. Your 

devise must operate on either side of the Moon 

(https://spaceflightsystems.grc.nasa.gov/education/rocket/moon.html). 

● Apply scientific ideas or principles to design, construct, and test a design of a device that either 

minimizes or maximizes thermal energy transfer. 

● Determine design criteria and constraints for a device that either minimizes or maximizes thermal 

energy transfer. 

● Test design solutions and modify them on the basis of the test results in order to improve them. 

● Use a systematic process for evaluating solutions with respect to how well they meet criteria and 

constraints. 

Misconceptions: Students tend to think that energy transformations involve only one form of energy at a 

time. Although they develop some skill in identifying different forms of energy, in most cases their 

descriptions of energy-change focus only on forms which have perceivable effects. Finally, it may not be 

clear to students that some forms of energy, such as light, sound, and chemical energy, can be used to make 

things happen.  

The idea of energy conservation seems counterintuitive to middle- school students who hold on to the 

everyday use of the term energy.  Even after instruction, however, students do not seem to appreciate that 

energy conservation is a useful way to explain phenomena. A key difficulty students have in understanding 

conservation appears to derive from not considering the appropriate system and environment. In addition, 

middle students tend to use their conceptualizations of energy to interpret energy conservation ideas. For 

example, some students interpret the idea that "energy is not created or destroyed" to mean that energy is 

stored up in the system and can even be released again in its original form. Or, students may believe that 

no energy remains at the end of a process, but may say that "energy is not lost" because an effect was 

caused during the process (for example, a weight was lifted) (NSDL, 2015) 

 

Learning Activities: 

MS-PS3-3. Apply scientific principles to design, construct, and test a device that either minimizes or 

maximizes thermal energy transfer. 

 

http://strandmaps.dls.ucar.edu/?id=SMS-MAP-2071


Engage (Anticipatory Set): 

● Using the following resources have students view videos, read articles and engage in discussion 

about thermal energy transfer. Go to MS-PS3-3 section of the page. 
http://www.ck12.org/ngss/middle-school-physical-sciences/energy 

 

Exploration (Student Inquiry):   

● Build a Solar Oven. In this activity, students will design, test and construct a solar oven, providing 

a concrete example of thermal energy transfer. 
http://www.hometrainingtools.com/a/build-a-solar-oven-project 

● Thermal Protection Systems: Day 1 
In this activity, students will apply scientific principles to design, construct and test a device that 

either minimizes or maximizes thermal energy transfer. 

http://betterlesson.com/lesson/634000/thermal-protection-systems-day-1 

  

Explanation (Concepts and Practices):  In these lessons, teachers should introduce formal labels, 

definitions, and explanations for concepts, practices, skills, or abilities.  Students should verbalize 

conceptual understandings and demonstration scientific and engineering practices. 

Topics to be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas 

● PS3.A Definitions of Energy 
Temperature is a measure of the average kinetic energy of particles of matter. The relationship 

between the temperature and the total energy of a system depends on the types, states, and 

amounts of matter present. 

● PS3.B: Conservation of Energy and Energy Transfer 
Energy is spontaneously transferred out of hotter regions or objects and into colder ones. 

● ETS1.A: Defining and Delimiting an Engineering Problem 
The more precisely a design task’s criteria and constraints can be defined, the more likely it is that 

the designed solution will be successful. Specification of constraints includes consideration of 

scientific principles and other relevant knowledge that is likely to limit possible solutions. 

(secondary) 

● ETS1.B: Developing Possible Solutions 
A solution needs to be tested, and then modified on the basis of the test results in order to improve 

it. There are systematic processes for evaluating solutions with respect to how well they meet 

criteria and constraints of a problem. (secondary) 

  

Elaboration (Extension Activity):    

● Build a Thermos 
In this activity, students will design, construct and test a thermos structure to determine which 

model keeps the warmest temperature. 

http://betterlesson.com/lesson/628050/build-a-thermos 

Evaluation (Assessment Tasks):   

● Assessment Task A: Students will be assessed based upon the execution of design and 

effectiveness of solar oven. If solar oven is not effective, students should demonstrate the ability to 

brainstorm solutions to modify and/or change design to make it work. 
● Assessment Task B: Thermal Protection System Design Challenge Student Lab Sheet 

 

http://www.ck12.org/ngss/middle-school-physical-sciences/energy
http://www.hometrainingtools.com/a/build-a-solar-oven-project
http://betterlesson.com/lesson/634000/thermal-protection-systems-day-1
http://www.nap.edu/openbook.php?record_id=13165&page=120
http://www.nap.edu/openbook.php?record_id=13165&page=120
http://www.nap.edu/openbook.php?record_id=13165&page=120
http://www.nap.edu/openbook.php?record_id=13165&page=124
http://www.nap.edu/openbook.php?record_id=13165&page=204
http://www.nap.edu/openbook.php?record_id=13165&page=204
http://www.nap.edu/openbook.php?record_id=13165&page=204
http://www.nap.edu/openbook.php?record_id=13165&page=204
http://www.nap.edu/openbook.php?record_id=13165&page=206
http://www.nap.edu/openbook.php?record_id=13165&page=206
http://www.nap.edu/openbook.php?record_id=13165&page=206
http://betterlesson.com/lesson/628050/build-a-thermos


MS-PS3-4. Plan an investigation to determine the relationships among the energy transferred, the type of 

matter, the mass, and the change in the average kinetic energy of the particles as measured by the 

temperature of the sample. 

 

Engage (Anticipatory Set): 

● Using the following resources have students view videos, read articles and engage in discussion on 

how energy, mass and mater impact temperatures. Go to MS-PS3-4 section of the page. 
http://www.ck12.org/ngss/middle-school-physical-sciences/energy 

 

Exploration (Student Inquiry):  

● Heat Transfer Lab Rotation: Conduction, Convection and Radiation 
In this lab activity, students will identify and explain the various ways that heat transfers through 

systems in the natural world. 

http://betterlesson.com/lesson/634878/heat-transfer-lab-rotation-conduction-convection-and-

radiation 

● Materials Affect the Rate of Heat Transfer - Experimental Design 
In this activity, students will compare different materials to determine which ones are better at 

preventing heat transfer. Using a given set of materials, students will work to design a penguin 

home which can maintain a cool temperature. 

http://betterlesson.com/lesson/635989/materials-affect-the-rate-of-heat-transfer-experimental-

design 

Explanation (Concepts and Practices):  In these lessons, teachers should introduce formal labels, 

definitions, and explanations for concepts, practices, skills, or abilities.  Students should verbalize 

conceptual understandings and demonstration scientific and engineering practices. 

Topics to be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas 

● PS3.A: Definitions of Energy 
Temperature is a measure of the average kinetic energy of particles of matter. The relationship 

between the temperature and the total energy of a system depends on the types, states, and 

amounts of matter present. 

● PS3.B: Conservation of Energy and Energy Transfer 
The amount of energy transfer needed to change the temperature of a matter sample by a given 

amount depends on the nature of the matter, the size of the sample, and the environ 

  

Elaboration (Extension Activity):    

● Related Activities 
http://participatoryscience.org/standard/ms-ps3-4 

 

Evaluation (Assessment Tasks):   

● Assessment Task A: Materials Affect the Rate of Heat Transfer- Penguin Home Design 
Students will be evaluated on the planning and implementation of their penguin home design. The 

success of each student design will ultimately be tested by its ability to maintain a cool 

temperature. 

 

Additional Lesson Ideas: 

● Waves on a String 
● Sound Waves 

http://www.ck12.org/ngss/middle-school-physical-sciences/energy
http://betterlesson.com/lesson/634878/heat-transfer-lab-rotation-conduction-convection-and-radiation
http://betterlesson.com/lesson/634878/heat-transfer-lab-rotation-conduction-convection-and-radiation
http://betterlesson.com/lesson/635989/materials-affect-the-rate-of-heat-transfer-experimental-design
http://betterlesson.com/lesson/635989/materials-affect-the-rate-of-heat-transfer-experimental-design
http://www.nap.edu/openbook.php?record_id=13165&page=120
http://www.nap.edu/openbook.php?record_id=13165&page=120
http://www.nap.edu/openbook.php?record_id=13165&page=120
http://www.nap.edu/openbook.php?record_id=13165&page=124
http://www.nap.edu/openbook.php?record_id=13165&page=124
http://participatoryscience.org/standard/ms-ps3-4
https://phet.colorado.edu/en/contributions/view/4105
https://phet.colorado.edu/en/contributions/view/2970


● Electromagnetic Math 

Instructional Materials: 

● Smartboard 
● Laptop cart 

Teacher Resources: 

 

In Unit 5, students learned about the interactions between kinetic and potential energy. In this unit, they 

will be introduced to the idea of thermal energy and will explore how it relates to the interactions from 

Unit 5. Prior to planning an investigation, students will need to understand that temperature is actually a 

measure of the average kinetic energy of the particles in a sample of matter. 

Students will begin this unit by individually and collaboratively planning an investigation to determine 

energy transfer relationships among the energy transferred, the type of matter, the mass, and the change in 

the average kinetic energy of particles as measured by the temperature of the sample. Students could start 

with an individual, small-group, or whole-class brainstorm to determine what might happen if they 

changed the temperature in a sample of matter. This brainstorm could take the form of a sketch, graphic 

organizer, or written response, and it could include everyday activities like taking a can of soda out of the 

refrigerator and setting it on a table or putting an ice cube into a warm beverage. 

After brainstorming, students may need some guidance to determine what variables they would like to test 

in their experiment. Students could examine how the mass of ice cubes added to the beverage affects the 

temperature change. They could also investigate how the mass of the can of soda affects the temperature 

change as it sits on the table after being removed from the refrigerator. Examples of experiments could 

include a comparison of final temperatures after different masses of ice have melted in the same volume 

of water with the same initial temperature, the temperature change of samples of different materials as 

they cool or heat in the environment, or the same material with different masses when a specific amount 

of thermal energy is added. Another example could include placing heated steel washers into water to 

investigate temperature changes. Each of these examples helps to show the proportional relationship 

between different masses of the same substance and the change in average kinetic energy when thermal 

energy is added to or removed from the system. In planning, students will identify independent and 

dependent variables and controls, decide what tools and materials are needed, how measurements will be 

recorded, and how many data are needed to support their claim. Once experiments have been planned and 

performed, students will move into the engineering process to solve a problem using this content.  

In Unit 4, students used the design and engineering process to maximize a solution to a problem. In this 

unit of study, students will combine the concepts of thermal energy and engineering processes to design, 

construct, and test a device that either minimizes or maximizes thermal energy transfer. Examples of 

devices could include an insulated box, a solar cooker, or a Styrofoam cup. Calculation of the total 

amount of thermal energy is not to be assessed at this time.  

Based on their brainstorm and investigations, students will identify a device to control the transfer of 

thermal energy into or out of the system they studied. Once students have identified the type of device 

they will construct, they can begin to define the criteria and constraints of the design problem that will 

help to minimize or maximize the transfer of thermal energy. Using informational texts to support this 

process is important. Students will draw evidence from these texts in order to support their analysis, 

reflection, and research. 

 

When students consider constraints, they should conduct short research projects to examine factors such 

as societal and individual needs, cost effectiveness, available materials and natural resources, current 

http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Electromagnetic_Math.html#.VmcxSrgrJD8


scientific knowledge, and current advancements in science and technology. They should also consider 

limitations (design constraints) due to the properties of the materials of their design (i.e., Styrofoam vs. 

glass). While conducting their research, students will need to gather their information from multiple print 

and digital sources and assess the credibility of each source. When they quote or paraphrase the data and 

conclusions found in their resources, they will need to avoid plagiarism and provide basic bibliographic 

information for each source. After comparing the information gained from their research, experiments, 

simulations, video, or other multimedia sources, they will be able to determine precise design criteria and 

constraints that lead to a successful solution. 

 

● Classroom Libraries 
● BrainPOP.com 
● Mysteryscience.com 
● Bozeman Science: 

o PS3A: Definitions of Energy 
o PS3B: Conservation of Energy and Energy Transfer 
o ETS1A: Defining & Delimiting an Engineering Problem 
o ETS1B: Developing Possible Solutions 
o ETS1C: Optimizing Design Solutions 

● Energy Forms and Changes: Explore how heating and cooling iron, brick, and water adds or removes 

energy. See how energy is transferred between objects. Build your own system, with energy sources, 

changers, and users. Track and visualize how energy flows and changes through your system. 

● States of Matter: 
● The Temperature Experiment:  Introduce the following scenario to your students: You buy balloons at 

the party store and decide to have them inflated inside of the store. The store manager tells you to not 

fill it to capacity. It is 102 degrees outside. Explain why you  should or should not listen to the store 

manager. 
● Lesson Exemplars  
● NSTA Classroom Resources 
● Classroom Libraries 

● BrainPOP.com 
● Mysteryscience.com 
● Bozeman Science: 

o PS3A: Definitions of Energy 
o PS3B: Conservation of Energy and Energy Transfer 
o PS3C: Relationship Between Energy and Forces 

● NASA resources: https://www.jpl.nasa.gov/edu/teach/ 

● Novel-based engineering tasks: http://www.novelengineering.org/library/ 
● Learning Activities: https://njctl.org/courses/science/ 
● STEM Teaching Tools: http://stemteachingtools.org/tools   
● NASA Units and Lessons: 

https://www.nasa.gov/offices/education/programs/national/summer/education_resources/lifescience_grades4-

6/index.html 

● Lesson Ideas: http://www.middleschoolchemistry.com/lessonplans/ 

Modifications & Accommodations: 

http://www.bozemanscience.com/ngs-ps3a-definitions-of-energy
http://www.bozemanscience.com/ngs-ps3b-conservation-of-energy-and-energy-transfer
http://www.bozemanscience.com/ngs-ets1a-defining-delimiting-an-engineering-problem
http://www.bozemanscience.com/ngs-ets1b-developing-possible-solutions
http://www.bozemanscience.com/ngs-ets1c-optimizing-the-design-solutions
https://phet.colorado.edu/en/simulation/states-of-matter;jsessionid=AC62BC80A24F40C8DBF64D00C012480A#for-teachers-header
https://www.nextgenscience.org/resources/examples-quality-ngss-design
http://ngss.nsta.org/Classroom-Resources.aspx
http://www.bozemanscience.com/ngs-ps3a-definitions-of-energy
http://www.bozemanscience.com/ngs-ps3b-conservation-of-energy-and-energy-transfer
http://www.bozemanscience.com/ngs-ps3c-relationship-between-energy-and-forces
https://www.jpl.nasa.gov/edu/teach/
http://www.novelengineering.org/library/
https://njctl.org/courses/science/
http://stemteachingtools.org/tools
https://www.nasa.gov/offices/education/programs/national/summer/education_resources/lifescience_grades4-6/index.html
https://www.nasa.gov/offices/education/programs/national/summer/education_resources/lifescience_grades4-6/index.html
http://www.middleschoolchemistry.com/lessonplans/


*Please note that the following modifications and accommodations vary from unit to unit, and may be 

implemented for any student who would benefit 

Gifted and Talented 
(content, process, product, and learning environment) 

Extension Activities: 

● Conduct research and provide presentation of cultural 

topics  

● Design surveys to generate and analyze data to be 

used in discussion. 

Debate topics of interest/cultural importance. 
● Authentic listening and reading sources that provide 

data and support for speaking and writing prompts 
● Exploration of art and/or artists to understand society 

and history 

● Implement RAFT (role, audience, format, topic) 

activities as they pertain to the types/modes of 

communication 
● Anchor activities 
● Use of higher-level questioning techniques 
● Provide assessments at a higher-level  of thinking 

English Language Learners 

Modifications: 

● Modified assignments 
● Native language translation (peer, online 

assistive technology, translation device, 

bilingual dictionary) 
● Extended time for assignment completion 

as needed 
● Highlight key vocabulary 
● Use graphic organizers 

Students with Disabilities 
(appropriate accommodations, instructional adaptation, 

and/or modifications as determined by the IEP or 504 team) 

Modifications for Classroom: 

● Pair visual prompts with verbal presentations 
● Ask students to restate information, directions, and 

assignments 
● Repetition and practice 
● Model skills/techniques to be mastered 
● Extended time to complete class work 

● Provide copy of class notes 
● Preferential seating to be mutually determined by the 

student and teacher 
● Student may request to use a computer to complete 

assignments 
● Establish expectations for correct spelling on 

assignments 
● Extra textbooks for home 

● Student may request books on tape/CD/digital media, 

as available and appropriate 
● Assign a peer helper in the class setting 
● Provide oral reminders and check student work during 

independent work time 
● Assist student with long and short term planning of 

assignments 
● Encourage student to proofread assignments and tests 

Students at Risk of School Failure 

Modifications for Classroom: 

● Pair visual prompts with verbal 

presentations 
● Ask students to restate information, 

directions, and assignments 
● Repetition and practice 
● Model skills/techniques to be mastered 
● Extended time to complete class work 

● Provide a copy of class notes 
● Preferential seating to be mutually 

determined by the student and teacher 
● Student may request to use a computer to 

complete assignments 
● Establish expectations for correct spelling 

on assignments 
● Extra textbooks for home 

● Student may request books on 

tape/CD/digital media, as available and 

appropriate 
● Assign a peer helper in the class setting 
● Provide oral reminders and check student 

work during independent work time 
● Assist student with long and short term 

planning of assignments 



● Provide regular parent/school communication 
● Teachers will check/sign student agenda daily 
● Student requires use of other assistive technology 

device 
 

Homework and Assignments: 

● Extended time to complete assignments 
● Student requires more complex assignments to be 

broken up and explained in smaller units, with work 

to be submitted in phases. 
● Provide the student with clearly stated (written) 

expectations and grading criteria for assignments. 

● Implement RAFT (role, audience, format, topic) 

activities as they pertain to the types/modes of 

communication 
● Continue to develop phrasing and fluency while 

reading aloud, as needed 

● Encourage silent reading for short periods of time  

● Use close reading strategies 

● Continue to provide access to various genres  

● Make available high interest, low readability texts for 

use during independent reading  

● Use citing the text strategy to develop oral and written 

summarization skills 

● Continue using marking the text strategy 

● Write short essays using various supporting strategies 

such as marking the text, graphic organizers, citing 

text, and teacher-prompts 

● Write routinely and engage in peer editing with 

teacher guidance 

 

Modifications for Assessments: 

● Extended time on classroom tests and quizzes 
● Student may take/complete tests in an alternate setting 

as needed 
● Restate, reread, and clarify directions/questions 
● Distribute study guide for classroom tests 
● Establish procedures for 

accommodations/modifications for assessments 

● Encourage student to proofread 

assignments and tests 
● Provide regular parent/school 

communication 

● Teachers will check/sign student agenda 

daily 
● Student requires use of other assistive 

technology device 
 

Modifications for Homework and 

Assignments: 

● Extended time to complete assignments 
● Student requires more complex 

assignments to be broken up and 

explained in smaller units, with work to 

be submitted in phases. 
● Provide the student with clearly stated 

(written) expectations and grading criteria 

for assignments. 
● Implement RAFT (role, audience, format, 

topic) activities as they pertain to the 

types/modes of communication 
 

Modifications for Assessments: 

● Extended time on classroom tests and 

quizzes 
● Student may take/complete tests in an 

alternate setting as needed 
● Restate, reread, and clarify 

directions/questions 

● Distribute study guide for classroom tests 
● Establish procedures for 

accommodations/modifications for 

assessments 
 

 

  



Benway School 

 Unit 7 

Content Area: Science 

Unit Title:   The Electromagnetic Spectrum 

Grade Level: 8 

Unit Overview:  In this unit of study, students develop and use models, use mathematical 

thinking, and obtain, evaluate, and communicate information in order to describe and predict 

characteristic properties and behaviors of waves. Students also apply their understanding of waves as a 

means of sending digital information. The crosscutting concepts of patterns and structure and function are 

used as organizing concepts for these disciplinary core ideas. Students develop and use models, use 

mathematical thinking, and obtain, evaluate, and communicate information. Students are also expected to 

use these practices to demonstrate understanding of the core ideas. 

Essential Question: How do cell phones work? 

Recommended Pacing:  20 days (May-June) 

Student Learning Objectives/Performance Expectations NJSLS 

Use mathematical representations to describe a simple model for waves that 

includes how the amplitude of a wave is related to the energy in a wave. 

[Clarification Statement: Emphasis is on describing waves with both qualitative 

and quantitative thinking.] [Assessment Boundary: Assessment does not include 

electromagnetic waves and is limited to standard repeating waves.] 

MS-PS4-1 

Develop and use a model to describe that waves are reflected, absorbed, or 

transmitted through various materials. [Clarification Statement: Emphasis is on 

both light and mechanical waves. Examples of models could include drawings, 

simulations, and written descriptions.] [Assessment Boundary: Assessment is 

limited to qualitative applications pertaining to light and mechanical waves 

MS-PS4-2 

Integrate qualitative scientific and technical information to support the claim 

that digitized signals are a more reliable way to encode and transmit 

information than analog signals. [Clarification Statement: Emphasis is on a 

basic understanding that waves can be used for communication purposes. 

Examples could include using fiber optic cable to transmit light pulses, radio 

wave pulses in wifi devices, and conversion of stored binary patterns to make 

sound or text on a computer screen.] [Assessment Boundary: Assessment does 

not include binary counting. Assessment does not include the specific 

mechanism of any given device.] 

MS-PS4-3 

New Jersey Student Learning Standards/Disciplinary Core Ideas 

PS4.A: Wave Properties 

● A simple wave has a repeating pattern with a specific wavelength, frequency, and amplitude. (MS-

PS4-1) 
● A sound wave needs a medium through which it is transmitted. (MS-PS4-2) 

PS4.B: Electromagnetic Radiation 

● When light shines on an object, it is reflected, absorbed, or transmitted through the object, depending 

on the object’s material and the frequency (color) of the light. (MS-PS4-2) 
● The path that light travels can be traced as straight lines, except at surfaces between different 

transparent materials (e.g., air and water, air and glass) where the light path bends. (MS-PS4-2) 



● A wave model of light is useful for explaining brightness, color, and the frequency-dependent bending 

of light at a surface between media. (MS-PS4-2) 
● However, because light can travel through space, it cannot be a matter wave, like sound or water 

waves. (MS-PS4-2) 

PS4.C: Information Technologies and Instrumentation 

● Digitized signals (sent as wave pulses) are a more reliable way to encode and transmit information. 

(MS-PS4-3) 

Science and Engineering Practices Crosscutting Concepts 

Developing and Using Models 

● Develop and use a model to describe phenomena. 

(MS-PS4-2)  
Scientific Knowledge is Based on Empirical Evidence 

● Science knowledge is based upon logical and 

conceptual connections between evidence and 

explanations. (MS-PS4-1) 
Obtaining, Evaluating, and Communicating 

Information 

● Integrate qualitative scientific and technical 

information in written text with that contained in 

media and visual displays to clarify claims and 

findings. (MS-PS4-3) 
Using Mathematics and Computational Thinking  

● Use mathematical representations to describe and/or 

support scientific conclusions and design solutions. 

(MS-PS4-1)   

Influence of Science, Engineering, and 

Technology on Society and the Natural 

World 

● Technologies extend the measurement, 

exploration, modeling, and computational 

capacity of scientific investigations. (MS-

PS4-3) 
Patterns 

● Graphs and charts can be used to identify 

patterns in data. (MS-PS4- 1) 
Science is a Human Endeavor 

● Advances in technology influence the 

progress of science and science has 

influenced advances in technology. (MS-

PS4-3)  
Structure and Function 

● Structures can be designed to serve 

particular functions by taking into account 

properties of different materials, and how 

materials can be shaped and used. (MS-

PS4-2) 
● Structures can be designed to serve 

particular functions. (MS-PS4-3) 

Interdisciplinary Connections 

English Language Arts/Literacy 

• Integrate multimedia and visual displays into presentations that describe a simple model for waves that 

includes how the amplitude of a wave is related to the energy in a wave, to clarify information. 

• Integrate multimedia and visual displays into presentations of a model that describes that waves are 

reflected, absorbed, or transmitted through various materials to clarify information. 

• Cite specific textual evidence to support the claim that digitized signals are a more reliable way to 

encode and transmit information than analog signals. 

• Determine the central ideas or conclusions of a text; provide an accurate summary of the text to 

support the claim that digitized signals are a more reliable way to encode and transmit information 

than analog signals, distinct from prior knowledge or opinions. 



• Compare and contrast the information gained from experiments, simulations, video, or multimedia 

sources with that gained from reading a text to support the claim that digitized signals are a more 

reliable way to encode and transmit information than analog signals. 

• Draw evidence from informational texts to support the analysis of digitized signals as a more reliable 

way to encode and transmit information than analog signals. 

• Integrate multimedia and visual displays into presentations to strengthen claims and evidence showing 

that digitized signals as a more reliable way to encode and transmit information than analog signals. 

Mathematics 

• Include mathematical representations to describe a simple model for waves. 

• Use mathematical representations to describe and/or support scientific conclusions about how the 

amplitude of a wave is related to the energy in a wave. 

• Understand the concept of a ratio and use ratio language to describe the relationship between the 

amplitude of a wave and the energy in the wave. 

• Use ratio and rate reasoning to solve problems showing the relationship between the amplitude of a 

wave and the energy of the wave. 

• Recognize and represent proportional relationships when using mathematical representations to 

describe a simple model. 

• When using mathematical representations to describe a simple model, interpret the equation y = mx + 

b as defining a linear function whose graph is a straight line and give examples of functions that are 

not linear. 

English Language Arts Mathematics 

● Cite specific textual evidence to support analysis of 

science and technical texts. (MS-PS4-3) RST.6-8.1 
● Determine the central ideas or conclusions of a text; 

provide an accurate summary of the text distinct from 

prior knowledge or opinions. (MS-PS4-3) RST.6-8.2 
● Compare and contrast the information gained from 

experiments, simulations, videos, or multimedia 

sources with that gained from reading a text on the 

same topic. (MS-PS4-3) RST.6-8.9 

● By the end of grade 8, read and comprehend 

science/technical texts in the grades 6-8 text 

complexity band independently and proficiently. 

RST.6-8.10 
● Draw evidence from informational texts to support 

analysis, reflection, and research. (MS-PS4-3) 

WHST.6-8.9 
● Integrate multimedia and visual displays into 

presentations to clarify information, strengthen claims 

and evidence, and add interest. (MS-PS4-1),(MS-PS4-

2) SL.8.5 

Reason abstractly and quantitatively. (MS-

PS4-1) MP.2 

Model with mathematics. (MS-PS4-1) MP.4 

Interpret the equation y = mx + b as defining 

a linear function, whose graph is a straight 

line; give examples of functions that are not 

linear. (MS-PS4-1) 8.F.A.3 

http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/RST/6-8
http://www.corestandards.org/ELA-Literacy/WHST/6-8
http://www.corestandards.org/ELA-Literacy/WHST/6-8
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http://www.corestandards.org/ELA-Literacy/SL/8
http://www.corestandards.org/ELA-Literacy/SL/8
http://www.corestandards.org/ELA-Literacy/SL/8
http://www.corestandards.org/ELA-Literacy/SL/8
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP2
http://www.corestandards.org/Math/Practice/MP4
http://www.corestandards.org/Math/Practice/MP4
http://www.corestandards.org/Math/Content/8/F
http://www.corestandards.org/Math/Content/8/F
http://www.corestandards.org/Math/Content/8/F
http://www.corestandards.org/Math/Content/8/F
http://www.corestandards.org/Math/Content/8/F


New Jersey Student Learning Standards 

Technology 
(Additional standards should be applied, as needed, to enrich instruction and foster student 

achievement.) 

Indicator 

Investigate a malfunction in any part of a system and identify its impacts. 8.2.8.A.3 

Redesign an existing product that impacts the environment to lessen its impact(s) on 

the environment. 

8.2.8.A.4 

Analyze the historical impact of waste and demonstrate how a product is upcycled, 

reused or remanufactured into a new product. 

8.2.8.B.7 

Explain how different teams/groups can contribute to the overall design of a product. 8.2.8.C.1 

Explain the need for optimization in a design process.  8.2.8.C.2 

Identify the steps in the design process that would be used to solve a designated 

problem. 

8.2.8.C.4 

Create a technical sketch of a product with materials and measurements labeled. 8.2.8.C.5.a 

Collaborate to examine a malfunctioning system and identify the step-by-step process 

used to troubleshoot, evaluate and test options to repair the product, presenting the 

better solution. 

8.2.8.C.6 

Collaborate with peers and experts in the field to research and develop a product using 

the design process, data analysis and trends, and maintain a design log with annotated 

sketches to record the developmental cycle. 

8.2.8.C.7 

Develop a proposal for a chosen solution that include models (physical, graphical or 

mathematical) to communicate the solution to peers. 

8.2.8.C.8 

Design and create a product that addresses a real world problem using a design process 

under specific constraints. 

8.2.8.D.1 

Identify the design constraints and trade-offs involved in designing a prototype (e.g., 

how the prototype might fail and how it might be improved) by completing a design 

problem and reporting results in a multimedia presentation, design portfolio or 

engineering notebook. 

8.2.8.D.2 

Build a prototype that meets a STEM-based design challenge using science, 

engineering, and math principles that validate a solution. 

8.2.8.D.3 

Research and publish the steps for using and maintaining a product or system and 

incorporate diagrams or images throughout to enhance user comprehension. 

8.2.8.D.4 

New Jersey Student Learning Standards 

21st Century Life and Career Skills 
(Additional standards should be applied, as needed, to enrich instruction and foster student 

achievement.) 

Indicator 

Relate how career choices, education choices, skills, entrepreneurship, and economic 

conditions affect income. 

9.1.8.A.2 

Differentiate among ways that workers can improve earning power through the 

acquisition of new knowledge and skills. 

9.1.8.A.3 

Compare and contrast product facts versus advertising claims. 9.1.8.E.3 

Prioritize personal wants and needs when making purchases 9.1.8.E.4 

Compare the value of goods or services from different sellers when purchasing large 

quantities and small quantities. 

9.1.8.E.6 

Explain why it is important to develop plans for protecting current and future personal 

assets against loss. 

9.1.8.G.1 



Evaluate communication, collaboration, and leadership skills that can be developed 

through school, home, work, and extracurricular activities for use in a career. 

9.2.8.B.3 

Career Ready Practices Indicator 

Apply appropriate academic and technical skills. CRP2 

Communicate clearly and effectively and with reason. CRP4 

Consider the environmental, social and economic impacts of decisions. CRP5 

Demonstrate creativity and innovation. CRP6 

Employ valid and reliable research strategies. CRP7 

Utilize critical thinking to make sense of problems and persevere in solving them. CRP8 

Use technology to enhance productivity. CRP11 

Work productively in teams while using cultural global competence. CRP12 

Key Vocabulary Words 

Amplitude, wavelength, electromagnetic waves, repeating waves, reflected waves, absorbed waves, 

transmitted, waves, refracted waves, analog signals, fiber optic cable, light pulses, radio wave pulses, 

binary patterns 

Evidence of Learning 

Additional Suggested Assessments: 

● Classroom discussion 
● Inquiry-based investigations and projects 
● Participation in general classroom assignments 

● Performance tasks 
● Scientific reading, writing, and mathematics analysis 
● Teacher observations 
● Tests/quizzes 

 

Part A: Why do surfers love physicists? 

● Use mathematical representations to describe and/or support scientific conclusions about how the 

amplitude of a wave is related to the energy in a wave. 

● Use mathematical representations to describe a simple model. 
 

Part B: How do the light and sound system in the auditorium work? 

Develop and use models to describe the movement of waves in various materials. 

 

Part C: If rotary phones worked for my grandparents, why did they invent cell phones? 
Integrate qualitative scientific and technical information in written text with that contained in media and visual 

displays to clarify claims that digitized signals are a more reliable way to encode and transmit information than 

analog signals are. 

 

Learning Activities: 

MS-PS4-1. Use mathematical representations to describe a simple model for waves that includes how the 

amplitude of a wave is related to the energy in a wave. 

 

Engage (Anticipatory Set): 

● Types of Waves 
https://www.youtube.com/watch?v=w2s2fZr8sqQ 

Demonstration 

https://www.youtube.com/watch?v=w2s2fZr8sqQ


Use an example of “wall ball” and the bouncing of a ball. Predict where the ball will bounce given 

the angle of incidence. Relate this to the Law of Reflection and the angle of incidence and 

reflection. Discuss the difference between regular and diffused reflection. 

 

Exploration (Student Inquiry):  

● Wave Behavior Labs 
In these lab activities, students will create simple mathematical representations of waves and 

identify characteristic properties of waves. 

Day 1: http://betterlesson.com/lesson/633386/wave-behavior-lab-rotation-day-1 

Day 2 :http://betterlesson.com/lesson/633450/wave-behavior-lab-rotation-day-2 

  

Explanation (Concepts and Practices):  In these lessons, teachers should introduce formal labels, 

definitions, and explanations for concepts, practices, skills, or abilities.  Students should verbalize 

conceptual understandings and demonstration scientific and engineering practices. 

Topics to be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas 

● PS4.A: Wave Properties 
A simple wave has a repeating pattern with a specific wavelength, frequency, and amplitude. (MS-

PS4-1) 

  

Elaboration (Extension Activity):   

● Have students review the graphs they created during the lab. Ask them to predict the change in the 

energy of the wave if any one of the parameters of the wave is changed. 
Wavelength: http://www.ck12.org/physical-science/Wavelength-in-Physical-Science/ 

Wave Frequency: http://www.ck12.org/physical-science/Wave-Frequency-in-Physical-Science/ 

Wave Amplitude:http://www.ck12.org/physical-science/Wave-Amplitude-in-Physical-Science/ 

 

Evaluation (Assessment Tasks):   

● Assessment Task A: Graphing of Characteristics Properties of Waves 
http://betterlesson.com/lesson/resource/3158929/graphing-of-characteristic-properties-of-

waves?from=resource_image 

● Assessment Task B: Lab Closure Questions 
What evidence can you cite that different types of waves interact with matter in different ways? 

How can you create a mathematical representation of wave properties? 

 

 

MS-PS4-2. Develop and use a model to describe that waves are reflected, absorbed, or transmitted 

through various materials. 

 

Engage (Anticipatory Set): 

● Provide an example of how light or sound can be reflected, absorbed or transmitted through a 

medium (between objects). 
Find one object within the classroom that will represent light being reflected, absorbed or 

transmitted and bring it back to your seat (examples of: translucent, opaque and transparent). 

The class will create a list on the Smartboard and discuss whether their “object” reflects, absorbs 

or transmits light and how/why they choose that “object.” 

Introduction to Light Video: https://www.youtube.com/watch?v=yHJ_X_lXtB8 

http://betterlesson.com/lesson/633386/wave-behavior-lab-rotation-day-1
http://betterlesson.com/lesson/633450/wave-behavior-lab-rotation-day-2
http://www.nap.edu/openbook.php?record_id=13165&page=131
http://www.nap.edu/openbook.php?record_id=13165&page=131
http://www.ck12.org/physical-science/Wavelength-in-Physical-Science/
http://www.ck12.org/physical-science/Wave-Frequency-in-Physical-Science/
http://www.ck12.org/physical-science/Wave-Amplitude-in-Physical-Science/
http://betterlesson.com/lesson/resource/3158929/graphing-of-characteristic-properties-of-waves?from=resource_image
http://betterlesson.com/lesson/resource/3158929/graphing-of-characteristic-properties-of-waves?from=resource_image
https://www.youtube.com/watch?v=yHJ_X_lXtB8


Indoor Rainbow: http://www.weatherwizkids.com/experiments-rainbow-indoor.htm 

http://www.bozemanscience.com/waves 

 

Exploration (Student Inquiry):  

● What is a medium? What types of materials can light and sound pass through? How will 

sound/light passing through solids, liquids or gasses affect the energy (waves) that are transmitted? 

What real-life situations/experiences can you use as examples to support your thinking? 
Light Activity: Exploring Light: Absorb, Reflect, Transmit or Refract? 

https://www.teachengineering.org/view_activity.php?url=collection/van_/activities/van_troll/van_troll_lesson02_activity1.xml 

Sound Activity: http://www.ehow.com/info_8119201_sound-wave-experiments-kids.html 

Water Activities: https://www.ck12.org/physical-science/Mechanical-Wave-in-Physical-Science/ 

  

Explanation (Concepts and Practices):  In these lessons, teachers should introduce formal labels, 

definitions, and explanations for concepts, practices, skills, or abilities.  Students should verbalize 

conceptual understandings and demonstration scientific and engineering practices. 

Topics to be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas 

● PS4.A Wave Properties 
A sound wave needs a medium through which it is transmitted. (MS-PS4-2) 

● PS4.B: Electromagnetic Radiation 
When light shines on an object, it is reflected, absorbed, or transmitted through the object, 

depending on the object’s material and the frequency (color) of the light. (MS-PS4-2) 

The path that light travels can be traced as straight lines, except at surfaces between different 

transparent materials (e.g., air and water, air and glass) where the light path bends. (MS-PS4-2) 

A wave model of light is useful for explaining brightness, color, and the frequency-dependent 

bending of light at a surface between media. (MS-PS4-2) 

However, because light can travel through space, it cannot be a matter wave, like sound or water 

waves. (MS-PS4-2) 

 

Elaboration (Extension Activity):    

● Sunscreens and Sunburns 
http://www.haspi.org/uploads/6/5/2/9/65290513/06_physical_-_sunscreen.pdf 

 

Evaluation (Assessment Tasks):   

● Assessment Task A: After completing Exploring Light Properties Investigation, students will 

complete the What Did You Learn Today? worksheet to describe that waves are reflected, 

absorbed, or transmitted through various materials. 
 

 

MS-PS4-3. Integrate scientific and technical information to support the claim that digitized signals are a 

more reliable way to encode and transmit information than analog signals. 

 

Engage (Anticipatory Set): 

● Analog vs. Digital Video: http://www.diffen.com/difference/Analog_vs_Digital 
Guiding Question 

Besides digital (computers, phones, etc.) what are other ways that you have heard/seen/read of 

transmitting information (mail, music, video, etc.) without the use of computers? 

Exploration (Student Inquiry):  

http://www.weatherwizkids.com/experiments-rainbow-indoor.htm
http://www.bozemanscience.com/waves
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● http://educators.brainpop.com/bp-topic/analog-and-digital-recording/ 
Day 1: 

Have students read the following article about analog vs. digital media and information 

http://www.diffen.com/difference/Analog_vs_Digital 

What are examples of analog vs. digital media? 

How has the real world transitioned from analog to digital in the last 10 years? 

Please provide examples from your life where you were able to see and record these changes. 

Day 2: 

Examples of Media to Explore: Music, Images, Phone/Communication, Maps/Satellites, Video 

Games (8 bit cartridges vs. now can download to console - no disc required!), shopping (go to mall 

vs. online shopping). 

Below is a list of items that students can be asked to research how it has changed/grown to be 

more digital as time has gone by. It is important for students to realize the resources and learning 

potential they NOW have available to them (that once did not exist due to technological 

constraints). 

Clocks, Medical Devices, Telephones, Cassettes/Radio vs. Pandora/Sirius, Paper Maps vs. Google 

Maps/Earth, Cars 

Day 3: 

Digital vs. Analog Signal Project: Students will be able to explain why digital wave signals are a 

more reliable way of communicating information than analog wave signals. 

https://sciencewithmrsbowling.wordpress.com/resources/digital-vs-analog-signal-project/ 

  

Explanation (Concepts and Practices):  In these lessons, teachers should introduce formal labels, 

definitions, and explanations for concepts, practices, skills, or abilities.  Students should verbalize 

conceptual understandings and demonstration scientific and engineering practices. 

Topics to be Discussed in Teacher Directed Lessons (Disciplinary Core Ideas 

● PS4.C Information Technologies and Instrumentation 
Digitized signals (sent as wave pulses) are a more reliable way to encode and transmit information. 

(MS-PS4-3) 

  

Elaboration (Extension Activity):    

● http://faraday.theiet.org/resources/overview/analogue-digital.cfm 
Bluetooth and WiFi: How do they work? What is actually being transmitted? How have these 

technologies help to make every day “activities” easier? (Communication, Satellites, NASA Probe 

Missions - Pluto, Fiber Optic Cables vs. Dial-Up). What’s a cloud? 

 

Evaluation (Assessment Tasks):   

● Assessment Task A: After completed Day 3 (Digital vs. Analog Signal Project), students will 

explain in written text why digital signals are better than analog signals.   
 

Additional Lesson Ideas: 

● Waves on a String 
● Sound Waves 
● Electromagnetic Math 

Instructional Materials: 

● Smartboard 

http://educators.brainpop.com/bp-topic/analog-and-digital-recording/
http://www.diffen.com/difference/Analog_vs_Digital
https://sciencewithmrsbowling.wordpress.com/resources/digital-vs-analog-signal-project/
http://www.nap.edu/openbook.php?record_id=13165&page=136
http://www.nap.edu/openbook.php?record_id=13165&page=136
http://faraday.theiet.org/resources/overview/analogue-digital.cfm
https://phet.colorado.edu/en/contributions/view/4105
https://phet.colorado.edu/en/contributions/view/2970
http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Electromagnetic_Math.html#.VmcxSrgrJD8


● Laptop cart 

Teacher Resources: 

In this unit of study, students learn that simple waves have repeating patterns with specific wavelengths, 

frequencies, and amplitudes. They will use both qualitative and quantitative thinking as they describe a 

simple model for waves that includes how the amplitude of a wave is related to the energy in a wave. For 

example, students could use a slinky to make a small wave, then increase the energy input and observe 

that an increase in energy results in an increase in the amplitude of the wave. Or they could push on the 

surface of a container of water with different amounts of energy and observe the amplitude of the waves 

created inside the container. Any modeling or demonstrations used to help students visualize this should 

be followed up with mathematical representations that students could use as evidence to support scientific 

conclusions about how the amplitude of a wave is related to the energy in a wave. Students can use graphs 

and charts (teacher provided) to identify patterns in their data. 

Students will then develop and use models to describe the movement of waves in various materials. 

Through the use of models and other multimedia and visual displays, students will describe that when 

light shines on an object, it is reflected, absorbed, or transmitted through the object, depending on the 

object’s material and the frequency (color) of the light. Students could then broaden their understanding of 

wave behavior by using models to demonstrate that waves are reflected, absorbed, or transmitted through 

various materials. Students can observe the behavior of ways by using a penlight and tracing the path that 

light travels between different transparent materials (e.g., air and water, air and glass. Students could also 

shine a light through a prism onto a screen or piece of paper, observe a pencil in a glass of water. 

A wave model of light is useful for explaining brightness, color, and the frequency-dependent bending of 

light at a surface between media. For example, students could observe some of the wave behaviors or light 

by observing that when light passes through a small opening the waves spread out. They could observe 

that if the wavelength is short, the waves spread out very little, whereas longer wavelengths spread out 

more. Students could them produce sketches of their observations. They may need some guidance in the 

elaboration of their sketches as it relates to the wave properties of light. Students can use a model of the 

electromagnetic spectrum to make connections between the brightness and color of light and the 

frequency of the light. 

Students will continue their study of waves by observing the behavior of sound waves. Before students 

begin to study the behavior of sound waves, the teacher could demonstrate the importance of the presence 

of a medium for sound to travel. For example, if an alarm clock is placed inside a bell jar and the air is 

removed, the alarm will not be heard outside of the jar. Students could be asked to explain why the can 

hear the sound before the air is pumped out and not after. This type of demonstration could be followed by 

discussion of the types of media that sound passes through and how these different media impacts the 

sound. 

Students could then participate in scientific discussions where they compare the behavior of mechanical 

waves (sound) and light waves. Based on their observations, students should be able to explain that the 

amplitude of all waves are related to the energy of the wave and that waves are reflected, absorbed, or 

transmitted through various materials. They should be able to explain that while mechanical waves need a 

medium in order to be transmitted, light waves do not. Therefore, because light can travel through space, 

it cannot be a matter wave, like sound or water waves. 

 

Once students have a clear understanding of how different types of waves behave, they can start to 

explore how society utilizes those waves. The structure of a wave can be modified to serve particular 



functions by taking into account properties of different materials and how materials can be shaped and 

used. Devices have been designed to utilize properties of waves to serve particular functions. For 

example, cell phones use wave properties for mobile communication purposes. These devices use 

digitized signals (sent as wave pulses) because they are a more reliable way than analog signals to encode 

and transmit information (compare capacity of an LP record to a CD or MP3 player). Another example of 

this is how digital signals can send information over much longer distances with less loss of information 

because background noise can be easily converted out by the receiving devices. Wave related technologies 

extend the measurement, exploration, modeling, and computational capacity of scientific investigations. 

 

● Classroom Libraries 
● BrainPOP.com 
● Mysteryscience.com 
● Bozeman Science: 

o PS4A: Wave Properties 
o PS4B: Electromagnetic Radiation 
o PS4C: Information Technologies & Instrumentation 

● Lesson Exemplars  
● NSTA Classroom Resources 
● Classroom Libraries 
● BrainPOP.com 
● Mysteryscience.com 
● Bozeman Science: 

o PS3A: Definitions of Energy 
o PS3B: Conservation of Energy and Energy Transfer 
o PS3C: Relationship Between Energy and Forces 

● NASA resources: https://www.jpl.nasa.gov/edu/teach/ 
● Novel-based engineering tasks: http://www.novelengineering.org/library/ 
● Learning Activities: https://njctl.org/courses/science/ 
● STEM Teaching Tools: http://stemteachingtools.org/tools   
● NASA Units and Lessons: 

https://www.nasa.gov/offices/education/programs/national/summer/education_resources/lifescience_grades4-

6/index.html 

● Lesson Ideas: http://www.middleschoolchemistry.com/lessonplans/ 

Modifications & Accommodations: 

*Please note that the following modifications and accommodations vary from unit to unit, and may be 

implemented for any student who would benefit 

Gifted and Talented 
(content, process, product, and learning environment) 

Extension Activities: 

● Conduct research and provide presentation of cultural 

topics  
● Design surveys to generate and analyze data to be 

used in discussion. 

Debate topics of interest/cultural importance. 

English Language Learners 

Modifications: 

● Modified assignments 
● Native language translation (peer, online 

assistive technology, translation device, 

bilingual dictionary) 
● Extended time for assignment completion 

as needed 

● Highlight key vocabulary 

http://www.bozemanscience.com/ngs-ps4a-wave-properties
http://www.bozemanscience.com/ngs-ps4b-electomagnetic-radiation
http://www.bozemanscience.com/ngs-ps4c-information-technologies-instrumentation
https://www.nextgenscience.org/resources/examples-quality-ngss-design
http://ngss.nsta.org/Classroom-Resources.aspx
http://www.bozemanscience.com/ngs-ps3a-definitions-of-energy
http://www.bozemanscience.com/ngs-ps3b-conservation-of-energy-and-energy-transfer
http://www.bozemanscience.com/ngs-ps3c-relationship-between-energy-and-forces
https://www.jpl.nasa.gov/edu/teach/
http://www.novelengineering.org/library/
https://njctl.org/courses/science/
http://stemteachingtools.org/tools
https://www.nasa.gov/offices/education/programs/national/summer/education_resources/lifescience_grades4-6/index.html
https://www.nasa.gov/offices/education/programs/national/summer/education_resources/lifescience_grades4-6/index.html
http://www.middleschoolchemistry.com/lessonplans/


● Authentic listening and reading sources that provide 

data and support for speaking and writing prompts 
● Exploration of art and/or artists to understand society 

and history 

● Implement RAFT (role, audience, format, topic) 

activities as they pertain to the types/modes of 

communication 
● Anchor activities 
● Use of higher-level questioning techniques 
● Provide assessments at a higher-level  of thinking 

● Use graphic organizers 

Students with Disabilities 
(appropriate accommodations, instructional adaptation, 

and/or modifications as determined by the IEP or 504 team) 

Modifications for Classroom: 

● Pair visual prompts with verbal presentations 
● Ask students to restate information, directions, and 

assignments 
● Repetition and practice 
● Model skills/techniques to be mastered 
● Extended time to complete class work 

● Provide copy of class notes 
● Preferential seating to be mutually determined by the 

student and teacher 
● Student may request to use a computer to complete 

assignments 
● Establish expectations for correct spelling on 

assignments 
● Extra textbooks for home 

● Student may request books on tape/CD/digital media, 

as available and appropriate 
● Assign a peer helper in the class setting 
● Provide oral reminders and check student work during 

independent work time 
● Assist student with long and short term planning of 

assignments 
● Encourage student to proofread assignments and tests 

● Provide regular parent/school communication 
● Teachers will check/sign student agenda daily 
● Student requires use of other assistive technology 

device 
 

Homework and Assignments: 

● Extended time to complete assignments 
● Student requires more complex assignments to be 

broken up and explained in smaller units, with work 

to be submitted in phases. 

Students at Risk of School Failure 

Modifications for Classroom: 

● Pair visual prompts with verbal 

presentations 
● Ask students to restate information, 

directions, and assignments 
● Repetition and practice 
● Model skills/techniques to be mastered 
● Extended time to complete class work 

● Provide a copy of class notes 
● Preferential seating to be mutually 

determined by the student and teacher 
● Student may request to use a computer to 

complete assignments 
● Establish expectations for correct spelling 

on assignments 
● Extra textbooks for home 

● Student may request books on 

tape/CD/digital media, as available and 

appropriate 
● Assign a peer helper in the class setting 
● Provide oral reminders and check student 

work during independent work time 
● Assist student with long and short term 

planning of assignments 

● Encourage student to proofread 

assignments and tests 
● Provide regular parent/school 

communication 
● Teachers will check/sign student agenda 

daily 
● Student requires use of other assistive 

technology device 
 

Modifications for Homework and 

Assignments: 



● Provide the student with clearly stated (written) 

expectations and grading criteria for assignments. 
● Implement RAFT (role, audience, format, topic) 

activities as they pertain to the types/modes of 

communication 
● Continue to develop phrasing and fluency while 

reading aloud, as needed 

● Encourage silent reading for short periods of time  

● Use close reading strategies 

● Continue to provide access to various genres  

● Make available high interest, low readability texts for 

use during independent reading  

● Use citing the text strategy to develop oral and written 

summarization skills 

● Continue using marking the text strategy 

● Write short essays using various supporting strategies 

such as marking the text, graphic organizers, citing 

text, and teacher-prompts 

● Write routinely and engage in peer editing with 

teacher guidance 

 

Modifications for Assessments: 

● Extended time on classroom tests and quizzes 
● Student may take/complete tests in an alternate setting 

as needed 

● Restate, reread, and clarify directions/questions 
● Distribute study guide for classroom tests 
● Establish procedures for 

accommodations/modifications for assessments 

● Extended time to complete assignments 
● Student requires more complex 

assignments to be broken up and 

explained in smaller units, with work to 

be submitted in phases. 
● Provide the student with clearly stated 

(written) expectations and grading criteria 

for assignments. 
● Implement RAFT (role, audience, format, 

topic) activities as they pertain to the 

types/modes of communication 
 

Modifications for Assessments: 

● Extended time on classroom tests and 

quizzes 
● Student may take/complete tests in an 

alternate setting as needed 

● Restate, reread, and clarify 

directions/questions 
● Distribute study guide for classroom tests 
● Establish procedures for 

accommodations/modifications for 

assessments 
 

 
 


